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ABSTRACT
Several  l i n e s  of  ev idence  p o in t  to  an i n h e r e n t  membrane d i s o r d e r  
a s s o c i a t e d  with  e r y t h r o c y t e s  in h e r e d i t a r y  s p h e r o c y t o s i s  (HS).
Membrane p r o t e i n s  have been s tu d i e d  to  e l u c i d a t e  an ab n o rm a l i ty .
E r y th ro cy te  membranes i s o l a t e d  from a f f e c t e d  and u n a f fe c te d  
members o f  a l a r g e  kindred have been p a r t i a l l y  s o l u b i l i z e d  with a 
z w i t t e r i o n i c  d e t e r g e n t  which can be employed in  gel i s o e l e c t r i c -  
fo cu s in g  (IEF).  Members a f f e c t e d  with  HS f r e q u e n t l y  e x h i b i t  an 
absence  o f  p r o t e i n  bands which focus  between pH 6 .5  and 7 .5  when 
compared to  u n a f fe c te d  r e l a t i v e s  and o th e r  normals .
S e p a ra t io n s  o f  normal membrane p r o t e i n s  u s ing  gel f i l t r a t i o n  
chromatography have been employed in o r d e r  to  i d e n t i f y  t h e s e  p a r t i c u l a r  
p r o t e i n s .  Subsequent  f r a c t i o n  a n a l y s i s  by IEF and SDS e l e c t r o p h o r e s i s  
i n d i c a t e s  t h a t  t h e s e  p r o t e i n s  cor respond  to  th e  isozymes o f  g l y c e r -  
a ld eh y d e -3 -p h o sp h a te  dehydrogenase (GAPDH). This  f in d in g  was 
confirmed when GAPDH i s o l a t e d  d i r e c t l y  from normal e r y t h r o c y t e  
membranes was s i m i l a r l y  a n a ly zed .
E lu t io n  of  GAPDH from e r y t h r o c y t e  membranes as  a f u n c t io n  of  
i o n i c  s t r e n g t h  has been s t u d i e d .  A n a ly s is  o f  t h e  membranes by 
q u a n t i t a t i v e  d e n s i to m e t ry  o f  SDS e l e c t r o p h o r e s i s  g e l s  i n d i c a t e s  t h a t  
h a l f  as  much GAPDH (band 6) remains  on HS membranes in s o l u t i o n s  with 
sodium c h l o r i d e  c o n c e n t r a t i o n s  a t  o r  near  0 .15  M when compared to  
normal membranes. F u r th e r ,  a tw o - fo ld  i n c r e a s e  in  r e l e a s e  o f  GAPDH 
enzyme a c t i v i t y  from e r y t h r o c y t e  membranes was observed a t  th e s e  
sodium c h l o r i d e  c o n c e n t r a t i o n s  f o r  HS membranes compared to  normals .  
These r e s u l t s  i n d i c a t e  an a l t e r e d  a t t a c h m en t .
An ab n o rm a l i ty  in v o lv in g  GAPDH b ind ing  to  e r y t h r o c y t e  membranes 
o f  a f f e c t e d  members o f  t h i s  k indred  may lead  t o  an u n de rs tand ing  o f  th e  
m o le c u la r  b a s i s  o f  HS and of  autosomal dominant d i s o r d e r s .
IDENTIFICATION AND CHARACTERIZATION 




H e r e d i t a ry  s p h e ro c y to s i s  i s  a co n g e n i ta l  hemolyt ic  d i s o r d e r  
a s s o c i a t e d  w ith  an unknown d e f e c t  in  th e  red blood c e l l .  I t  i s  
i n h e r i t e d  in an autosomal dominant f a sh io n  and i s  t h e r e f o r e  expressed  
in h e t e r o z y g o t e s . The p re v a len ce  o f  h e r e d i t a r y  s p h e r o c y to s i s  in th e  
g en e ra l  p o p u la t io n  i s  a p p ro x im a te ly  i  per  5000.
A. P i s t i n g u i s h i n g  C h a r a c t e r i s t i c s
M icroscopic  exam inat ion  o f  a sample o f  red  blood c e l l s  from 
h e r e d i t a r y  s p h e r o c y to s i s  p a t i e n t s  r e v e a l s  t h a t  a p o r t i o n  o f  t h e  c e l l s  
a r e  more sp h e ro id a l  in shape when compared to  the  b iconcave d i s k  
shaped c e l l s  from normal i n d i v i d u a l s .  These abnormally  shaped red  c e l l s  
a r e  c a l l e d  s p h e ro c y te s .
S pherocy tes  may be d i s t i n g u i s h e d  from normal e r y t h r o c y t e s  by t h e i r  
d a rk ,  rounded ap p ea ran ce ,  t h e i r  l a c k  o f  a c e n t r a l  p a le  a r e a ,  and t h e i r  
s m a l l e r  d i a m e te r  and g r e a t e r  t h i c k n e s s .  They may be q u a n t i t a t i v e l y  
measured by performing osmotic  f r a g i l i t y  t e s t s  in  which th e  red  c e l l s  
a r e  suspended in  aqueous s o l u t i o n s  o f  v a r io u s  sodium c h l o r i d e  concen­
t r a t i o n s .  The hypotonic  s o l u t i o n s  cause  t h e  c e l l s  to  absorb  w a te r  in 
o rd e r  to  r e l i e v e  th e  osmotic  p r e s s u r e  and to  s w e l l .  As th e  red c e l l s  
swell th ey  become leaky  and l o s e  i n t r a c e l l u l a r  components i n c lu d in g  
hemoglobin. The amount o f  hemoglobin which escapes  can be q u a n t i ­
t a t i v e l y  measured and th e  r e s u l t s  a r e  u s u a l l y  p l o t t e d  as  p e r c e n t
2
3hemolysis  v e r su s  gram p e rc e n t  sodium c h l o r i d e  (% NaCl w/v) .  Typica l 
osmotic f r a g i l i t y  curves  of  normal red blood c e l l s  and h e r e d i t a r y  
s p h e ro c y to s i s  c e l l s  c l e a r l y  i n d i c a t e  the  p resence  o f  sp herocy tes  in 
p a t i e n t s  a f f e c t e d  with  th e  d i s o r d e r ,  as  they  a r e  more s u s c e p t i b l e  to  
hypotonic  hemolysis  (1 ) .  When normal and abnormal red c e l l s  a r e  sub­
j e c t e d  to  s t e r i l e  in c u b a t io n s  f o r  24 hours a t  37°C, they  a r e  found to  
be more o s m o t i c a l ly  f r a g i l e  than th e  co r respond ing  unincubated  c e l l s .  
F u r th e r ,  s p h e ro c y te s  which have been incuba ted  f o r  th e  24 hour pe r iod  
a r e  much more o s m o t i c a l ly  f r a g i l e  when compared to  normal,  incuba ted  
red blood c e l l s .  Presumably t h i s  d i f f e r e n c e  i s  due to  s t r u c t u r a l  
i n s t a b i l i t y  o f  t h e  sphe rocy te  as  a r e s u l t  o f  m e tab o l ic  d e p r iv a t io n  
s in c e  supplementing the  in c u b a t in g  c e l l s  w ith  g lu co se  su p p res ses  the  
i n s t a b i l i t y  ( 2 , 3 ) .
Spherocy tes  have o th e r  c h a r a c t e r i s t i c s  which d i s t i n g u i s h  them 
from normal e r y t h r o c y t e s .  Membranes o f  s p h e ro cy te s  a r e  i n h e r e n t l y  
more permeable to  sodium, a f a c t  which has f a r - r e a c h i n g  consequences 
( 4 ) .  Spherocy tes  a r e  d e f i c i e n t  in s u r f a c e  a rea  (5) and have d iminished  
l i f e s p a n s  in both p a t i e n t s  and normal s u b j e c t s  ( 6 ) .
The d i r e c t  consequence o f  in c re a se d  sodium p e r m e a b i l i t y  i s  a r i s e  
in i n t r a c e l l u l a r  sodium l e v e l s .  As t h i s  beg ins  to  o ccu r ,  th e  sodium- 
potass ium pump i s  i n c r e a s e d ,  in v o lv in g  a c t i v a t i o n  o f  ATPase. This 
enzyme c a t a l y z e s  the  r e a c t i o n  ATP -> ADP + P^  , t h e  p roduc ts  o f  
which cause  energy  p roduc t ion  v ia  g l y c o l y s i s  to  i n c r e a s e .  Several  
workers  have dem onstra ted  o v e r a l l  e l e v a t e d  r a t e s  o f  g l y c o l y s i s  by 
measuring in c r e a se d  g lu co se  consumption or  l a c t i c  a c id  fo rm at ion  in 
the  red c e l l s  o f  h e r e d i t a r y  s p h e ro c y to s i s  p a t i e n t s  ( 4 , 7 , 8 ) .
The sp leen  i s  t h e  p r i n c i p l e  s i t e  of  abnormal red blood c e l l  
d e s t r u c t i o n .  I t  s e rv e s  to  f i l t e r  out  abnormal c e l l s  from normal ones ,  
to  damage them, and e v e n t u a l l y  to  d e s t ro y  them. At some p o in t  the  
sp leen  becomes engorged with  sp h e ro cy te s  o f t e n  r e s u l t i n g  in s p le n o ­
megaly. As a r e s u l t  o f  th e  s p l e e n ' s  f i l t e r i n g  c a p a c i t y ,  th e  l i f e s p a n  
o f  th e  sphe rocy te  i s  c o n s id e ra b ly  l e s s  than  t h e  120 day average 
l i f e s p a n  o f  th e  normal e r y t h r o c y t e .  The stem c e l l s  o f  th e  bone 
marrow must produce red  blood c e l l s  a t  e l e v a t e d  r a t e s  to  r e l i e v e  the  
a f f e c t s  o f  th e  r e s u l t i n g  anemia; the  immature red  c e l l  o r  r e t i c u l o ­
c y t e  count  i s  t h e r e f o r e  f r e q u e n t l y  e l e v a te d  in p a t i e n t s  a f f e c t e d  by 
t h i s  d i s o r d e r .  O c c a s io n a l ly  t h e  stem c e l l s  c e a s e  to  produce red 
blood c e l l s  a l t o g e t h e r ,  a c o n d i t i o n  known as  an a p l a s t i c  c r i s i s .
The p r e s e n t  c l i n i c a l  s o l u t i o n  f o r  minimizing t h e  m a n i fe s t in g  
symptoms i s  to  sp lene c tom ize  t h e  p a t i e n t .  Al though th e  c e l l s  
themselves  remain abnormal a f t e r  splenectomy,  t h e i r  l i f e s p a n  i s  
g r e a t l y  i n c re a se d  in  v ivo .
B. Normal E ry th ro c y te  Membrane P ro te in  Nomenclature
Many l i n e s  o f  ev idence  l e a d  eminent i n v e s t i g a t o r s  to  su sp e c t  
t h a t  t h e  pr imary  d e f e c t  a s s o c i a t e d  w ith  red  blood c e l l s  from h e r e d i t a r y  
s p h e r o c y t o s i s  p a t i e n t s  i s  m em brane-re la ted  ( 9 ) .  S tu d ie s  o f  e r y t h r o ­
c y te  membrane p r o t e i n s  and l i p i d s  a r e  t h e r e f o r e  f i e l d s  under i n t e n s e  
i n v e s t i g a t i o n .  A major  c o n t r i b u t i o n  in t h i s  f i e l d  has been made by 
F a i rbanks  e_t al_ (10) us ing  sodium dodecyl s u l f a t e  po lyacry lam ide  gel 
e l e c t r o p h o r e s i s  (SDS PAGE) as  t h e  p r o t e in  s e p a r a t i n g  t e c h n iq u e .
When h em og lob in - f ree ,  p e a r ly  w h i te  e r y t h r o c y t e  membranes ( "g h o s t s " )  
a r e  s o l u b i l i z e d  in SDS and s u b seq u e n t ly  ana lyzed  by SDS PAGE, seven
5major p r o t e i n - s t a i n e d  bands r e s u l t .  These bands may correspond  to 
major e r y t h r o c y t e  membrane p r o t e i n s  o r  to  m o lecu la r  weight  c l a s s e s  o f  
p r o t e i n s .  The nomencla ture  f o r  the  p r o t e in  bands e s t a b l i s h e d  by 
F a i rbanks  e t  al_ (10) i s  e x t e n s i v e l y  c i t e d  in th e  l i t e r a t u r e  and w i l l  
be used in for thcoming d i s c u s s io n s  (F igure  4, l e f t  g e l ) .
The p r o t e i n  bands o f  l e a s t  m o b i l i t y ,  bands 1 and 2, cor respond  
to f i b r o u s  p r o t e i n s  c o l l e c t i v e l y  r e f e r r e d  to  as " s p e c t r i n "  (1 1 ) .
They have m o lecu la r  w eigh ts  of  app rox im a te ly  240,000 and 215,000 
dal t o n s ,  r e s p e c t i v e l y  (12) and have been im p l ic a ted  in membrane shape 
r e g u l a t i o n .  Band 3 has a g r e a t e r  r e l a t i v e  m o b i l i t y  on SDS PAGE and 
i s  though t  to  e x i s t  in d im er ic  form in vivo w i th in  th e  e r y t h r o c y t e  
membrane. I t  ex tends  e n t i r e l y  through th e  b i l a y e r ,  having ends ly in g  
in both i n t r a c e l l u l a r  and e x t r a c e l l u l a r  sp aces .  Band 3 has been 
a s s o c i a t e d  with  th e  anion  channel  which l e ad s  i n t o  th e  e r y t h r o c y t e  
(13) .  Depending upon th e  e l e c t r o p h o r e t i c  c o n d i t i o n s ,  band 4 can be 
re so lv e d  in to  bands 4 . 1 ,  4 .2  and a m u l t i p l e t  d e s ig n a te d  as  4 .5 .
L i t t l e  i s  known abou t  the  p r o t e i n s  which comprise band 4 ,  bu t  some 
i n v e s t i g a t o r s  f e e l  t h a t  a t  l e a s t  some o f  th e  p r o t e i n s  o f  band 4 may 
be a s s o c i a t e d  w ith  band 3 (14 ) .  The p r o t e i n  co r re sp o n d in g  t o  band 5 
has been l a b e le d  th e  " a c t i n - l i k e "  p r o t e i n  s in c e  i t  i n t e r a c t s  w i th  
s p e c t r i n  in a way comparable to  th e  actomyosin complex which e x i s t s  
in muscles  (13) .  Data s u p p o r t in g  t h i s  compar ison ,  however, a r e  s c a r c e .  
Band 6 has been i d e n t i f i e d  as  t h e  monomeric form o f  th e  enzyme 
g ly c e ra ld e h y d e -3 -p h o s p h a te  dehydrogenase ( 1 5 ,1 6 ) .  This i s  an enzyme 
which s p e c i f i c a l l y  r e g u l a t e s  th e  convers ion  of  g ly c e r a ld e h y d e -3 -  
phosphate  to 1 , 3 -d ip h o s p h o g ly c e ra t e ,  a r e a c t i o n  in  th e  Embden
6Meyerhoff  Parnas pathway. Band 7 i s  a n o th e r  of  the  s t a i n a b l e  bands 
on SDS PAGE, but  very  l i t t l e  i s  known abou t  i t .
By using p e r i o d i c  ac id  s c h i f f  base (PAS) s t a i n i n g  t e c h n iq u e s ,  
g l y c o p r o t e in s  o f  e r y t h r o c y t e  membranes may be v i s u a l i z e d  on SDS g e l s .  
These have been d e s ig n a te d  PAS bands 1, 2,  3 and 4.
Other  p e p t id e  s p e c i e s  of  th e  e r y t h r o c y t e  membrane which m ig ra te  
i n to  SDS g e l s  a r e  d i f f i c u l t  t o  d e t e c t  by s t a i n i n g  methods,  even 
though they  may have major f u n c t io n a l  r o l e s  a s s o c i a t e d  with  
e r y t h r o c y t e s  ( e . g .  ATPase).
C. L i t e r a t u r e  Survey o f  A b n o rm a l i t i e s  A sso c ia ted  w i th  H e re d i t a ry  
S p h e ro c y to s i s
Many s t u d i e s  o f  e r y t h r o c y t e  membranes have been made in  o r d e r  to  
e l u c i d a t e  th e  n a t u r e  o f  a m o le cu la r  d e f e c t  in h e r e d i t a r y  s p h e r o c y t o s i s . 
Four broad c a t e g o r i e s  o f  a b n o r m a l i t i e s  a s s o c i a t e d  w i th  h e r e d i t a r y  
s p h e r o c y t o s i s  have been r e p o r t e d .
1. Abnormal F ibrous  Membrane P r o t e i n s . Jacob has s tu d i e d  
e r y t h r o c y t e  membranes o f  h e r e d i t a r y  s p h e r o c y to s i s  p a t i e n t s  s p e c i f i c a l l y  
w ith  r e g a rd  to  f i b r o u s  membrane p r o t e i n s ,  o f  which s p e c t r i n  i s  a t  
l e a s t  a c o n s t i t u e n t  ( 9 ) .  E x t r a c t i o n s  o f  t h e s e  p r o t e i n s  from normal 
membranes a r e  accomplished in i o n - f r e e  media. Subsequent  i n c r e a s e s  
in th e  po tass ium or  ca lc ium ion c o n c e n t r a t i o n s  b r in g  about  th e  
fo rm at ion  o f  p r o t e i n  polymers because  th e  s e d im en ta t io n  c o e f f i c i e n t s  
f o r  t h e  p r o t e i n s  i n c r e a s e  c o i n c i d e n t  w i th  c a t i o n  a d d i t i o n .  S im i l a r  
s t u d i e s  with  membranes from h e r e d i t a r y  s p h e r o c y t o s i s  p a t i e n t s  
i n d i c a t e  t h a t  in some c a se s  some and in  o t h e r  c a se s  none o f  th e  
f i b r o u s  p r o t e i n  p o ly m er ize s .  Jacob i n t e r p r e t s  t h e s e  f i n d i n g s  by
7p o s t u l a t i n g  two forms of  h e r e d i t a r y  s p h e r o c y t o s i s ,  both of  which 
invo lve  mutant  p r o t e i n  i n t e r a c t i o n  s i t e s .
Boivin and Garland have s tu d ie d  the  e r y t h r o c y t e ' s f ib r o u s  
p r o t e i n s  by i s o l a t i n g  and p u r i f y in g  s p e c t r i n  from normal and 
h e r e d i t a r y  s p h e r o c y to s i s  a f f e c t e d  membranes (17) .  I s o e l e c t r i c -  
focus ing  of  th e  p u r i f i e d  s p e c t r i n  in  8 M urea  r e s u l t e d  in i d e n t i c a l  
s t a i n i n g  p a t t e r n s  f o r  a f f e c t e d  and u n a f fe c te d  s u b j e c t s  with  th e  
excep t ion  of  th e  lack  o f  one pH 8.7 component in  two p a t i e n t s .  The 
a u th o r s  i n t e r p r e t  t h e s e  r e s u l t s  by i n f e r r i n g  t h a t  s p e c t r i n  i s  p ro ­
bably  no t  a l t e r e d  in  th e  membranes of  th e  h e r e d i t a r y  s p h e ro c y to s i s  
a f f e c t e d  p a t i e n t s  which they  examined.
2. Abnormal Membrane P h o s p h o r y l a t i o n . Feig and G u id o t t i  have 
s tu d ie d  th e  Ca2+-dependen t  ATPase of  h e r e d i t a r y  s p h e ro c y to s i s  membranes 
Cl8). They f in d  i t s  a c t i v i t y  to  be s i m i l a r  f o r  h e r e d i t a r y  sp h e ro ­
c y t o s i s  and normal e r y t h r o c y t e s . Since h e r e d i t a r y  s p h e ro c y to s i s  red 
blood c e l l  p o p u la t io n s  c o n ta in  r e l a t i v e l y  e l e v a t e d  r e t i c u l o c y t e  
coun ts  compared to  normal red blood c e l l  p o p u l a t i o n s ,  s e p a r a t i o n s  o f  
the  c e l l s  acco rd ing  to  age were made. The r e s u l t  r e p o r t ed  i s  t h a t  
when h e r e d i t a r y  s p h e ro c y to s i s  red  c e l l s  a r e  age matched wi th  normals ,  
the  s p h e ro c y t i c  red  c e l l s  a r e  r e l a t i v e l y  d e f i c i e n t  in Ca2+-ATPase 
a c t i v i  t y .
K i r k p a t r i c k ,  Wood, and LaCel le have s tu d i e d  Ca2+ and Mg2+ 
s t im u la t e d  ATPase a c t i v i t y  a s s o c i a t e d  w i th  w ate r  s o lu b le  (WSP co n ta in  
s p e c t r i n )  and i n s o l u b l e  p r o t e in s  ( r e s i d u a l  v e s i c l e s )  from normal and 
h e r e d i t a r y  s p h e ro c y to s i s  membranes (19) .  The ATPase a c t i v i t y  o f  the  
WSP i s o l a t e d  from h e r e d i t a r y  s p h e ro c y to s i s  red  c e l l  membranes i s
8a b s e n t  a t  low l e v e l s  o f  Ca2+ (< 1 rnM). This  i s  not  th e  case  f o r  
normal WSP. Although th e  WSP Ca2+-ATPase a c t i v i t y  i s  a b s en t  in 
h e r e d i t a r y  s p h e r o c y to s i s  c e l l s ,  th e  Mg2+- ATPase a c t i v i t y  i s  e l e v a t e d  
in  th e  c o r re spond ing  r e s i d u a l  v e s i c l e s  when compared to  th e  a c t i v i t y  
o f  normal r e s i d u a l  v e s i c l e s .
Zail  and Van Den Hoek (20) sought to  conf i rm  th e  f i n d i n g  o f  
dec reased  Ca2+-ATPase as  i n i t i a l l y  r e p o r t e d  by Feig and G u id o t t i  ( 1 8 ) .  
I n t a c t  e r y t h r o c y t e s  from h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  and un- 
a f f e c t e d  p a t i e n t s  were p re loaded  with  Ca . The e f f i c i e n c y  o f  th e  
ca lc ium pump o p e r a t i n g  w i th in  t h e  c e l l  was su b se q u e n t ly  determined 
by measuring th e  Ca2+ e f f l u x  from the  c e l l s .  The r e s u l t s  i n d i c a t e  
both normal Ca2+ e f f l u x  and i n t r a c e l l u l a r  e r y t h r o c y t e  Ca2+ concen­
t r a t i o n s  f o r  h e r e d i t a r y  s p h e r o c y to s i s  c e l l s ,  c o n t r a r y  to  th e  two 
e a r l i e r  s t u d i e s .  These i n v e s t i g a t o r s  conc lude  t h a t  ca lc ium  does no t  
accumula te  in h e r e d i t a r y  s p h e ro c y to s i s  a f f e c t e d  e r y t h r o c y t e s .
G ree n q u is t  and Shohet have examined membrane p h o sp h o ry la t io n  by 
In c u b a t in g  e r y t h r o c y t e  membranes in  y - 32P ATP r e a c t i o n  m ix tu re s  (21) .  
T rea ted  membranes were s o l u b i l i z e d  in SDS and s u b je c te d  to  SDS PAGE. 
Membrane i n c o r p o ra t e d  32P was measured by s l i c i n g  SDS g e l s  and 
co u n t in g  th e  32P in each s l i c e .  Although v a r i a b l e  a b s o l u t e  l e v e l s  
o f  32P i n c o r p o r a t i o n  were r e p o r t e d  between exper im en ts  w ith  th e  same 
p r e p a r a t i o n s ,  average  32P l a b e l i n g  was de te rm in e d .  Twenty-two o f  th e  
tw e n t y - f i v e  h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  p a t i e n t s  examined in  
t h i s  s tudy  e x h i b i t e d  reduced average  32P l a b e l i n g  in  bands 2, 3 ,  
and 4 .5 .  The a u th o r s  conclude  t h a t  the  h e r e d i t a r y  s p h e r o c y to s i s  
d i s o r d e r  in v o lv in g  c e l l  shape and d e f o r m a b i l i t y  may be media ted by
9a d e f e c t  in e r y t h r o c y t e  membrane p h o s p h o r y l a t i o n .
Matsumoto, Yawata, and Jacob a l s o  f i n d  d ec reased  membrane p r o t e i n  
p h o sp h o ry la t io n  a s s o c i a t e d  w i th  red c e l l s  from h e r e d i t a r y  s p h e ro c y to s i s  
p a t i e n t s  (22) .  E ry th ro cy te s  in  the  p resence  o f  e l e v a t e d  te m p e ra tu re s  
C50°C) or  s u l fh y d ry l  i n h i b i t o r s  a l s o  m a n i f e s t  d e f i c i e n t  membrane 
p h o s p h o ry la t io n ,  phenomena which th e  a u th o r s  r e p o r t  correspond  e x a c t l y  
w ith  th e  o nse t  o f  red c e l l  s p h e r in g .  The c o n c lu s io n  reached i s  t h a t  
p h o sp h o ry la t io n  o f  c e r t a i n  membrane p r o t e i n s  may modulate  th e  shape 
of  th e  red c e l l ,  a l th o u g h  th e  mechanism o f  c o n t r o l  i s  unknown.
The s t u d i e s  o f  Zail  and Van Den Hoek i n d i c a t e  t h a t  Ca2+-dependen t  
membrane p h o sp h o ry la t io n  i s  no t  d e f i c i e n t  in  th e  h e r e d i t a r y  s p h e ro ­
c y t o s i s  a f f e c t e d  p a t i e n t s  examined (20).
P ro te in  k in a se s  a r e  enzymes which c a t a l y z e  t h e  p h o sp h o ry la t io n  
o f  s p e c i f i c  p r o t e i n s .  B e u t l e r ,  Guinto ,  and Johnson have s tu d ie d  
e r y t h r o c y t e  p r o t e i n  k in ase  a c t i v i t y  in o r d e r  to  i d e n t i f y  a b n o r m a l i t i e s  
in p h o sp h o ry la t io n  o f  e r y t h r o c y t e  membranes i s o l a t e d  from h e r e d i t a r y  
s p h e ro c y to s i s  p a t i e n t s  (23 ) .  P r o te in  k in a se  a c t i v i t y  o f  t h e  abnormal 
membranes was found to  be normal when th e  enzyme a s say s  were l i m i t e d  
to  s h o r t  in c u b a t io n  t imes o f  5 - 10 m inu tes .  In cu b a t io n  f o r  60 
m in u te s ,  however, r e s u l t e d  in  an average  dec re a se d  p h o sp h o ry la t io n  
of  th e  membranes o f  h e r e d i t a r y  s p h e r o c y to s i s  a f f e c t e d  p a t i e n t s .  The 
c o n c lu s io n  reached was t h a t  t h e  mild p h o s p h o ry la t io n  a b n o rm a l i ty  which 
was observed in  h e r e d i t a r y  s p h e r o c y to s i s  a f f l i c t e d  membranes could  
no t  be shown to be due to  dec reased  p r o t e i n  k in a s e  a c t i v i t y  o r  a l t e r e d  
k i n e t i c  p r o p e r t i e s ,  as  both param eters  were normal.
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3. Abnormal Charge of  Membrane P r o t e i n s . Engel h a r d t  has 
dev ised  a method f o r  s tudying  and q u a n t i fy in g  th e  charge o f  e r y t h r o ­
c y te  membrane p r o t e i n s  (24) .  The theo ry  behind th e  method assumes 
t h a t  t h e  normal ar rangement  o f  membrane components i s  p a r t l y  
c o n t r o l l e d  by e l e c t r o s t a t i c  f o r c e s ;  t h i s  a r rangem ent  in tu rn  c o n t r o l s  
th e  e r y t h r o c y t e 1s s t r u c t u r e  and permeabi1i t y .  The tech n iq u e  in v o lv e s  
f i r s t ,  t h e  d i s i n t e g r a t i o n  o f  red  blood c e l l  membranes and second,  
t h e i r  reassem blance  w i th in  two-phase systems in  th e  p resence  o f  
io n i c  s o l u t i o n s .  The r e s u l t s  were t h a t  more c a t i o n s  (Ca2+ and l e s s
so Na+ and K+) were r e q u i re d  to  b r ing  abou t  t h e  reassembly  of  p r o t e i n s  
i s o l a t e d  from h e r e d i t a r y  s p h e r o c y to s i s  a f f e c t e d  membranes when 
compared to  normal c o n t r o l s  a t  p r o t e i n  c o n c e n t r a t i o n s  £ 0 . 4  mg/ml.
The c o n c lu s io n  i s  t h a t  membranes from h e r e d i t a r y  sp h e ro c y te s  c o n s i s t  
o f  components which have an ex cess  o f  n e g a t i v e  charges  when compared 
with  th e  components o f  normal c o n t r o l s .
4.  Abnormal Q u a n t i t i e s  o f  Membrane P r o t e i n s . Hayashi e t  a]_ (25) 
have done SDS e l e c t r o p h o r e s i s  s t u d i e s  o f  t h e  SDS s o l u b i l i z e d  red  c e l l  
membranes from 15 p a t i e n t s  a f f e c t e d  wi th  h e r e d i t a r y  s p h e r o c y t o s i s .
In f o u r  o f  th e  h e r e d i t a r y  s p h e r o c y t o s i s  p a t i e n t s  a lm os t  complete  
d e f i c i e n c y  o f  band 4 .2  was observed  and in  t h e  e leven  remaining 
p a t i e n t s  a small bu t  s i g n i f i c a n t  d e c re a se  in  band 4 .2  was r e p o r t e d .
The c o n c lu s io n  made was t h a t  h e t e r o g e n e i t y  o f  t h e  c l i n i c a l  d e f e c t  o f  
h e r e d i t a r y  s p h e ro c y to s i s  e x i s t s ,  s in c e  two forms o f  th e  hemolyt ic  
d i s o r d e r  were observed .
McCann e t  _al_ have s tu d i e d  a l a r g e  k indred  which m a n i fe s t s  
h e r e d i t a r y  s p h e ro c y to s i s  (26) .  SDS PAGE o f  t h e  p ro b a n d 's  e r y t h r o c y t e
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membranes r e v e a le d  d im in ished  q u a n t i t i e s  o f  s t a i n a b l e  band 6 
(g ly c e ra ld e h y d e -3 -p h o sp h a te  dehydrogenase ,  GAPDH), a f in d in g  which 
was confirmed by s p e c i f i c  enzyme a s say .  D ete rm ina t ions  of  whole 
red blood c e l l  GAPDH f o r  the  proband r e s u l t e d  in va lu es  app rox im a te ly  
h a l f  t h e  normal v a lu e .  F u r th e r  examinat ion  of  o t h e r  fam ily  members 
led  t h e  a u th o r s  t o  conclude  t h a t  h e r e d i t a r y  s p h e r o c y to s i s  and GAPDH 
d e f i c i e n c y  g e n e t i c  t r a i t s  s e p a r a t e  in d e p e n d e n t ly ,  s in c e  s ev e ra l  
h e r e d i t a r y  s p h e r o c y t o s i s  u n a f f e c t e d  members e x h i b i t e d  GAPDH d e f i c i e n c y  
and s e v e ra l  a f f e c t e d  members e x h i b i t e d  no such d e f i c i e n c y .  Membranes 
o f  f am i ly  members a f f e c t e d  by both t r a i t s ,  however,  co n ta in ed  e l e v a t e d  
q u a n t i t i e s  o f  band 4 . 5 .  In l i g h t  of  t h i s  and o t h e r  d a t a ,  the  
c o n c lu s io n  reached  was t h a t  th e  i n c r e a s e  in  band 4 .5  i s  a consequence 
o f  e l e v a t e d  e r y t h r o c y t e  m e tab o l ic  s t r e s s .
As a fo l lo w -u p  s tudy  A l len  e t  al_ (27) has i d e n t i f i e d  th e  p r o t e in  
co r re sp o n d in g  to  band 4 . 5 ,  t h e  band ( e l e v a t e d )  a s s o c i a t e d  with  
m e t a b o l i c a l l y  s t r e s s e d  h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d ,  GAPDH 
d e f i c i e n t  p a t i e n t s  in th e  p rev ious  s tu d y .  Four teen  enzyme as says  
were performed on th e  a f f e c t e d  ghos ts  and on ly  c a t a l a s e  and l a c t i c  
dehydrogenase a c t i v i t i e s  were i n c r e a s e d .  Only c a t a l a s e  had th e  
c o r r e c t  s u b u n i t  m o lecu la r  weigh t  on SDS e l e c t r o p h o r e s i s  g e l s .  The 
a u th o r s  conclude t h a t  c a t a l a s e  accoun ts  f o r  an a p p r e c i a b l e  p o r t i o n  
of  t h e  i n c r e a se d  membrane bound band 4 .5 .
The many examples o f  a b n o r m a l i t i e s  which have been observed  in  
the  membranes of  h e r e d i t a r y  s p h e r o c y t o s i s  p a t i e n t s  dem ons t ra te  
t h a t  a m o lecu la r  d e f e c t  o f  t h i s  d i s o r d e r  remains  undetermined.
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D. P re l im in a ry  I s o e l e c t r i c - f o c u s i n g  S tu d ie s  o f  E ry th ro c y te  Membrane 
P r o t e i n s  From a Kindred With H e red i ta ry  S p h e ro c y to s i s
In an e f f o r t  to  develop new methods f o r  t h e  a n a l y s i s  o f  membranes 
and membrane p r o t e i n s ,  Rowe (28) has dev ised  a t echn ique  invo lv ing  
i s o e l e c t r i c - f o c u s i n g  (IEF) o f  e r y t h r o c y t e  membranes. This t echn ique  
in v o lv es  s o l u b i l i z a t i o n  of  e r y t h r o c y t e  membranes in  b u f fe red  s o l u t i o n s  
which c o n ta in  8 M u rea  and 0.5% (w/v) s u l f o b e t a i n e .  Unlike many 
charged d e t e r g e n t s ,  such as  sodium dodecyl s u l f a t e  (SDS), th e  
z w i t t e r i o n i c  d e t e r g e n t  s u l f o b e t a i n e  may be employed in  IEF p rocedures  
because i t  i s  e f f e c t i v e l y  n e u t r a l ,  y e t  c h a rg e d ,  over  th e  pH 3 - 10 
range  normally  s tu d i e d  (29) .  The charged c h a r a c t e r  o f  s u l f o b e t a i n e  
p rov ides  an advantage  over  uncharged d e t e r g e n t s ,  such as  T r i to n  X-100 
o r  NP-40, because i t  more e f f e c t i v e l y  s o l u b i l i z e s  t h e  hydrophobic 
p o r t i o n s  o f  p r o t e i n s  which may be embedded w i t h i n  t h e  l i p i d  b i l a y e r  
o f  t h e  membrane (Chapter  2 ) .
A f t e r  membranes a r e  s o l u b i l i z e d  a cco rd in g  to  t h i s  t e c h n iq u e ,  they  
a r e  a p p l i e d  to  po lyac ry lam ide  g e l s  which c o n t a i n  8 M u rea ,  0.5% 
s u l f o b e t a i n e ,  and 1.5% am pholy tes .  Ampholytes a r e  small molecules  
which m ig ra te  to  t h e i r  i s o e l e c t r i c  p o in t  w i t h i n  th e  gel when a c u r r e n t  
i s  a p p l i e d .  A pH g r a d i e n t  i s  formed a c r o s s  t h e  gel in  t h i s  way. 
S o l u b i l i z e d  p r o t e i n s  a r e  s e p a r a t e d  acco rd ing  to  t h e i r  i n t r i n s i c  charge  
upon a p p l i c a t i o n  o f  an e l e c t r i c  f i e l d  by a l s o  m ig ra t in g  to t h e i r  
i s o e l e c t r i c  p o i n t .  The p r o t e i n s  remain a t  t h i s  p o i n t  and become 
s h a rp ly  focused  because  IEF i s  an e q u i l i b r i u m  chrom atographic  
t e c h n iq u e .  A f t e r  th e  p r o t e i n s  have fo c u se d ,  th e  gel i s  s t a i n e d  
f o r  p r o t e i n  with  Coomassie b r i l l i a n t  b lu e .
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With t h i s  t e c h n iq u e ,  Rowe has examined a kindred which m a n i fe s t s  
the  hemolyt ic  d i s o r d e r  h e r e d i t a r y  s p h e r o c y t o s i s . In th e s e  s t u d i e s  
a l t e r a t i o n s  in th e  p r o t e i n  p a t t e r n s  v/ere observed f o r  fam ily  members 
who had been c l i n i c a l l y  d iagnosed as having h e r e d i t a r y  s p h e ro c y to s i s  
when compared to  th e  p r o t e i n  p a t t e r n s  o f  u n a f fe c te d  r e l a t i v e s  and 
c o n t r o l s .  S p e c i f i c a l l y ,  a s e r i e s  of  t h r e e  to  f i v e  bands which focus  
in th e  upper pH range  o f  a pH 3 .5  - 10 g e l ,  was m iss ing  or  d i f f u s e l y  
focused in  fam ily  members a f f e c t e d  by h e r e d i t a r y  s p h e ro c y to s i s  when 
compared to  the  normal p a t t e r n  (F igure  1 ) .  Corresponding d e n s i t o m e t r i c  
scans  o f  normal and h e r e d i t a r y  s p h e ro c y to s i s  gel p r o t e i n  p a t t e r n s  a re  
g iven in F igure  2. As can be s een ,  s e v e ra l  peaks a r e  m iss ing  in 
the  scan o f  th e  h e r e d i t a r y  s p h e ro c y to s i s  p r o t e i n  p a t t e r n  in th e  pH 
range 6 .5  to  7 .5 .  F igure  3 i s  a p ed ig ree  c h a r t  o f  th e  kindred 
examined by Rowe in which th e  biochemical  marker seen upon i s o e l e c t r i c -  
fo cu s in g  o f  e r y t h r o c y t e  membranes was obse rved .  All fam ily  members 
s tu d i e d  who were h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  e x h ib i t e d  a l t e r e d  
banding p a t t e r n s  when compared to  those  o f  u n a f fe c te d  r e l a t i v e s  and 
o t h e r  u n r e l a t e d  normals .
E. T hes is  Goals
The goal o f  t h i s  t h e s i s  p r o j e c t  in v o lv e s  i d e n t i f i c a t i o n  o f  th e  
p r o t e i n s ,  from normal e r y t h r o c y t e  membranes, which focus  in  t h e  upper 
pH range o f  a pH 3 .5  - 10 i s o e l e c t r i c - f o c u s i n g  g e l .  F u r th e r ,  c h a r a c t e r ­
i z a t i o n  o f  t h e i r  p r o p e r t i e s  when i s o l a t e d  from h e r e d i t a r y  s p h e ro c y to s i s  
e r y t h r o c y t e  membranes w i l l  be s t u d i e d .  The e l u c i d a t i o n  o f  an ab n o rm a l i ty  
in vo lv ing  one or  s e v e ra l  p r o t e i n s  may lead  to  an u n d e rs tan d in g  o f  th e  
m o lecu la r  b a s i s  o f  h e r e d i t a r y  s p h e r o c y to s i s  and a b e t t e r  unders tand ing  
of  autosomal dominant d i s o r d e r s .
Figu re  1 .  Comparison o f  I s o e l e c t r i c a l l y  - Focused E ry th ro c y te  Membrane 
P r o t e i n s  from Normal In d iv idua l  and H e re d i ta ry  S p h e ro c y to s i s  P a t i e n t .  
I s o l a t e d  membranes were d i s s o lv e d  in 0.5% s u l f o b e t a i n e  and 8 M u r e a ,  and 
a p p l i e d  t o  a 1 mm t h i c k  h o r i z o n ta l  s l a b  gel c o n ta in in g  ampholytes  
to  form a pH g r a d i e n t  from pH 3 .5  to  10. P r o t e i n s  were s t a i n e d  w i th  
Coomassie b r i l l i a n t  b lu e .  Bands fo cu s in g  a t  ca thoda l  end ( to p )  
o f  gel a r e  p r e s e n t  in  th e  normal in d iv id u a l  ( l e f t )  and a b s e n t  in  th e  
h e r e d i t a r y  s tp h e o c y to s i s  p a t i e n t  ( r i g h t ) .
FIGURE 1
COMPARISON OF ISOELECTRICALLY - FOCUSED ERYTHROCYTE MEMBRANE PROTEINS 
FROM NORMAL INDIVIDUAL AND HEREDITARY SPHEROCYTOSIS PATIENT
FIGURE 2
DENSITOMETRIC SCANS OF NORMAL INDIVIDUAL 
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IDENTIFICATION OF ALTERED ERYTHROCYTE MEMBRANE PROTEINS 
IN HEREDITARY SPHEROCYTOSIS PATIENTS
INTRODUCTION
A method o f  an a ly z in g  e r y t h r o c y t e  membrane p r o t e in s  us ing  
i s o e l e c t r i c - f o c u s i n g  in  the  p resence  o f  s u l f o b e t a i n e  and u rea  has 
been developed by Rowe (28; s ee  Chapter  I ) .  Using t h i s  method, 
e r y t h r o c y t e  membrane p r o t e in s  o f  a k indred  m a n i f e s t in g  h e r e d i t a r y  
s p h e r o c y to s i s  have been examined. Comparisons o f  th e  h e r e d i t a r y  
s p h e r o c y t o s i s  membrane p r o t e i n  s t a i n i n g  p r o f i l e s  w i th  th o se  from 
normal i n d i v i d u a l s  led  Rowe to  conclude t h a t  a s e r i e s  of  t h r e e  to  f i v e  
p r o t e i n  bands ,  which focus  in th e  upper pH range  o f  a pH 3 .5  to  10 
g e l ,  was e i t h e r  m iss ing  o f  a l t e r e d  in a way which a f f e c t s  th e  io n i c  
c h a rge  o f  th e  p r o t e i n s .
I d e n t i f i c a t i o n  o f  th e se  a f f e c t e d  p r o t e i n s  by a n a ly z in g  normal 
e r y t h r o c y t e  membranes has been accomplished as  d e s c r ib e d  below.
EXPERIMENTAL
A. M a te r i a l s
1. B1ood. Samples of  blood were o b ta in e d  from s u b j e c t s  w i th  
h e r e d i t a r y  s p h e r o c y t o s i s ,  from t h e i r  u n a f f e c t e d  r e l a t i v e s ,  from 
o th e r  u n a f f e c t e d  i n d i v i d u a l s ,  and from 21 day o ld  packed red c e l l s  
o b ta in ed  a t  the  Red Cross.
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Chem ica ls . The fo l lo w in g  chemicals  were ob ta in ed  from:
M a l l in c k ro d t  Chemical Co.
Ammonium s u l f a t e  ( p y r id T n e - f re e )
Sodium hydroxide 
A ce t ic  a c id
N ,N ,N ' , N‘-T e t ram e th y 1 e thy lened iam ine  (TEMED)
T r i c a r b o x y l i c  a c id  
Urea
Sigma Chemical Co.
Ethy lened iamine  t e t r a a c e t i c  a c i d ,  disodium s a l t  (EDTA) 
Trizma b a se ,  r e a g e n t  grade ( T r i s )
P h e n y lm e th y l s u l f o n y l f l u o r id e  (PMSF)
Sodium l a u r y l  s u l f a t e  (SDS)
Dextran-2000
Coomassie b r i l l i a n t  b lu e ,  R-250
F i s h e r  S c i e n t i f i c  Co.
Ammonium p e r s u l f a t e
Sodium p hospha te ,  monobasic
Sodium c h l o r i d e




N,N‘-methy lene  b i s a c ry la m id e  
Ethanol amine
Matheson Coleman and Bell 
Pyronin  Y
U.S. I n d u s t r i a l  Chemical,  Co.
Ethyl a l c o h o l ,  r e a g e n t  grade
New England Nuclear  
T r i t o n  X-100
Lonza, I n c .
Lonza ine ,  C.S. ( s u l f o b e t a i n e ,  50% w/v)
Pharmacia 
Sephadex G-200
A ld r ic h  Chemical Co.
Methanol
LKB I n s t r u m e n t s ,  L t d .
Ampholine c a r r i e r  am pholy tes ,  pH 3 .5  - 10 (40% w/v)
Calbiochem
C l e l a n d ' s  r e a g e n t  ( d i t h i o t h r e i t o l )
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3. S o lu t io n s .
a .  5P8
5 mM NaH2P04 
pH 8 .0  w i th  NaOH
b. PBS
TTmM NaH2P04 
150 mM NaCl 
pH 8 .0  wi th  NaOH
c.  PMSF
0.5  M PMSF in  a b s o lu t e  e thanol
d. 2X S u l fo b e ta in e -U re a  S o lu t io n  
40 mM T r i s  s u l f a t e ,  pH 7.1 
0 .2  mM EDTA
16 mM d . i t h i o t h r e i  to!
1% (w/v) s u l f o b e t a i n e  
16 M urea
e. ConAcBis
40% (w/v) ac ry lam ide
1.5% (w/v) N ,N '-m ethy leneb isac ry lam ide
f . IEF S t a in  S o lu t io n
45% (v /v )  a b s o lu t e  ethanol
10% (v /v )  g l a c i a l  a c e t i c  ac id
9% (w/v) Coomassie b r i l l i a n t  b lue  R-250
g. IEF D es ta in  S o lu t io n
25% (v /v )  a b s o lu t e  ethanol  
10% (v /v )  g l a c i a l  a c e t i c  a c id
h. IPX B u f fe r  
0 .4  M T r i s
0 .2  M sodium a c e t a t e  
0 .2  M EDTA
i .  Tracking Dye S o lu t io n  
2 mM T r i s - C l , pH 7 .4  
2 mM EDTA
8 mM d i t h i o t h r e i t o l  
0 .6  M su c ro se
0.07 mM pyronin  Y
j . E l e c t r o p h o r e s i s  Buffe r  
40 mM T r i s
20 mM sodium a c e t a t e  
2 mM EDTA
a c e t i c  a c id  to  pH 7 .4
0.1% (w/v) SDS
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k. SDS E l e c t r o p h o r e s i s  S ta in  S o lu t io n  
50% (v /v )  methanol 
9% (v /v )  g l a c i a l  a c e t i c  a c id  
0.05% (w/v) Coomassie b r i l l i a n t  b lue  R-250
1. SDS E l e c t r o p h o r e s i s  Des ta in  S o lu t io n  
5% (v /v )  methanol 
7.5% (v /v )  g l a c i a l  a c e t i c  a c id
B. Methods
1. E ry th ro c y te  Membrane P r e p a r a t i o n . E r y th ro c y te  membranes 
(g h o s t s )  were p repared  by th e  method o f  S teck  e t  al_ (3 0 ) ,  With 10 ml 
o f  h e p a r in iz e d  b lood ,  1.1 ml o f  0.1  M EDTA v/as mixed. Samples were 
s u b se q u en t ly  c e n t r i f u g e d  a t  1000 x g a t  4°C f o r  15 m inu tes .  Plasma 
and b u f fy  co a t  were removed by a s p i r a t i o n .  Red c e l l s  were mixed with  
one volume of  PBS and s u b se q u en t ly  c e n t r i f u g e d  as d e s c r i b e d .  A f t e r  
a s p i r a t i o n  of  th e  s u p e r n a t a n t  b u f f e r ,  t h i s  s t e p  v/as r e p e a te d  tw i c e ,  
w i th  f i n a l  c e n t r i f u g a t i o n  f o r  20 minutes  a t  4°C. Packed red c e l l s  
were then  mixed w i th  40 volumes o f  5P8, c e n t r i f u g e d  a t  20,000 x g a t  
4°C f o r  15 m in u te s ,  and th e  r e s u l t i n g  s u p e r n a t a n t  b u f f e r  was removed 
by a s p i r a t i o n .  Unlysed red c e l l s  which pack t i g h t l y  to  th e  bottom of 
the  p e l l e t  were removed a t  t h i s  p o i n t .  Washings in  5P8 b u f f e r  were 
r e p e a te d  as  b e fo re  u n t i l  a p e a r l y - w h i t e  p e l l e t  o f  g h o s ts  remained.  
Membranes were washed in  25 volumes of  5P8, c e n t r i f u g e d  a t  100,000 x g 
a t  4°C f o r  30 m in u te s ,  and th e  s u p e r n a t a n t  b u f f e r  was removed.
2. I s o e l e c t r i c - f o c u s i n g . The method o f  Rowe (28) was fo l lowed 
f o r  i s o e l e c t r i c - f o c u s i n g .  E ry th ro c y te  membranes were d i s s o l v e d  in  
one volume o f  2X s u l f o b e t a i n e - u r e a  s o l u t i o n  and 2 p& o f  PMSF were 
added. Gels 1 mm t h i c k  c a s t  between g l a s s  p l a t e s  26 x 12.5  cm were 
of  the  fo l low ing  com pos i t ion :  5.9% a c ry lam id e ,  0.2% N,N1-methylene
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b i s a c ry la m id e ,  0.04% ammonium p e r s u l f a t e ,  8 M u re a ,  0.5% s u l f o b e t a i n e ,  
1.5% ampholytes  (pH 3 .5  - 10 ) .  E l e c t r o f o c u s in g  s t r i p s  (LKB 
In s t ru m e n ts ,  L td . )  24 cm long were soaked in 0.1 M HC1 f o r  the  anode 
wick and in 0 .15 M e thanolamine  f o r  the  ca thode  wick. S o l u b i l i z e d  
membrane samples were a p p l ie d  t o  10 x 2 mm s t r i p s .  These were p laced  
0 .5  cm from th e  anode wick so t h a t  focus ing  would occur  from anode to  
ca thode .  Focusing was accomplished on an LKB M ult iphor  a p p a ra tu s  a t  
10°C by m a in ta in in g  2 .5  w a t t s  a c r o s s  the  gel f o r  30 m in u te s ,  5 w a t t s  
f o r  45 m in u te s ,  and 12 .5  w a t t s  f o r  the  remain ing  5 hour ru n .  A f t e r  
fo cu s in g  was comple te ,  t h e  gel was placed in 200 ml of  12.5% (w/v) 
t r i c h l o r o a c e t i c  a c id  f o r  20 m inutes  whi le  c o n s t a n t l y  being a g i t a t e d .
The gel was then r i n s e d  with  d i s t i l l e d  H2O and s u b se q u en t ly  p laced  in 
100 ml o f  IEF s t a i n  s o l u t i o n  a t  56°C, w hi le  being a g i t a t e d  f o r  20 
m in u te s .  The gel was then p laced  in 50 ml o f  ILF d e s t a i n  s o l u t i o n  a t  
room tem p e ra tu re  w hi le  being a g i t a t e d  f o r  5 m in u te s .  This  s t e p  was 
then r e p e a te d  one t im e .  S to rage  o f  th e  gel was in 10% g l a c i a l  a c e t i c  
a c i d .
3. SDS E l e c t r o p h o r e s i s . The method o f  Fa i rbanks  ert al_ (10) was 
fo l lowed f o r  SDS po lyac ry lam ide  gel e l e c t r o p h o r e s i s .  Gels  c a s t  in  
tubes  7 .5  x 0 .5  cm were o f  th e  fo l lo w in g  com pos i t ion :  5.6% a c ry la m id e ,
0.2% N,N '-methylene b i s a c ry l a m id e ,  40 mM T r i s  a c e t a t e ,  pH 7 . 4 ,
20 mM sodium a c e t a t e ,  2 mM EDTA, 0.1% ammonium p e r s u l f a t e ,  0.1% SDS, 
and 0.02% TEMED. Layering s o l u t i o n  o f  th e  fo l lo w in g  co m p o s i t io n :
0.1% ammonium p e r s u l f a t e ,  0.1% SDS, 0.02% TEMED was d i sp e n se d  on top 
o f  th e  gel s o lu t i o n  p r i o r  to  p o ly m e r iz a t io n  in  o rd e r  to  o b t a i n  a f l a t  
gel s u r f a c e .  Layering s o lu t i o n  v/as r e p lac e d  with  e l e c t r o p h o r e s i s  b u f f e r
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p r i o r  to  e l e c t r o p h o r e s i s .  E ry th ro cy te  membranes d i s s o lv e d  in 1 volume 
of  4% (w/v) SDS were mixed with  1 volume of  t r a c k i n g  dye s o l u t i o n  
( f i n a l  c o n c e n t r a t i o n  o f  SDS i s  1%) and incuba ted  a t  37°C f o r  30 m inu tes .  
The m ix tu re  was then  a p p l i e d  to  th e  top o f  th e  gel by u n d e r la y e r in g  
th e  e l e c t r o p h o r e s i s  b u f f e r .  E l e c t r o p h o r e s i s  in a Buchler  P o ly a n a ly s t  
was accom plished ,  from ca thode  to  anode,  by app ly in g  a c u r r e n t  o f  
1 m amp per  gel u n t i l  t h e  t r a c k in g  s o l u t i o n  moved in to  th e  g e l ,  fo l low ed  
by 4 m amps/gel u n t i l  th e  t r a c k i n g  s o l u t i o n  was abou t  0 .5  cm from th e  
bottom o f  th e  g e l .  Gels were then removed from th e  tu b e s ,  p laced  in  
abou t  100 ml o f  SDS e l e c t r o p h o r e s i s  s t a i n  s o l u t i o n ,  and a g i t a t e d  
o v e r n i g h t .  Gels were su b se q u e n t ly  p laced  in  two changes o f  100 ml o f  
SDS e l e c t r o p h o r e s i s  d e s t a i n  s o lu t i o n  and a g i t a t e d  o v e r n ig h t .  S to rage  
o f  t h e  g e l s  was in 10% g l a c i a l  a c e t i c  a c i d .
4. D e te rm ina t ion  o f  E ry th ro cy te  Membrane P r o te in s  S o lu b i l i z e d  
in  S u l fo b e ta in e -U re a  S o l u t i o n . E ry th ro c y te  membranes were s o l u b i l i z e d  
in 1 volume of  2X s u l f o b e t a i n e - u r e a  s o l u t i o n .  The m ix tu re  was 
c e n t r i f u g e d  a t  20,000 x g f o r  15 minutes  a t  4°C. The r e s u l t i n g  
s u p e r n a t a n t  s o l u t i o n  was e x t e n s i v e l y  d i a ly z e d  in 2% (w/v) SDS and 
su b se q u e n t ly  ana lyzed  by SDS e l e c t r o p h o r e s i s .
5. Gel F i l t r a t i o n  Chromatography. Sephadex G-200 was e q u i l i b r a t e d  
in 50% (v /v )  2X s u l f o b e t a i n e - u r e a  s o l u t i o n  in  a 20 x 1.6 cm column. 
E ry th ro c y te  membrane p r o t e i n s  s o lu b l e  in  1 volume of  2X s u l f o b e t a i n e -  
urea  s o l u t i o n  were made 10% in su c ro se  and one ml o f  t h i s  s o l u t i o n  was 
lay e red  onto th e  column which was e lu te d  w i th  50% 2X s u l f o b e t a i n e - u r e a  
s o l u t i o n  a t  a f low r a t e  o f  13 m l / h r .  F r a c t i o n s  co r re sp o n d in g  to  
a b s o r p t io n  peaks a t  280 nm were analyzed by i s o e l e c t r i c - f o c u s i n g
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w ith o u t  f u r t h e r  p r e p a r a t i o n  and by SDS e l e c t r o p h o r e s i s  a f t e r  e x t e n s iv e  
d i a l y s i s  in 2% SDS in th e  p resence  o f  0.25 mM PMSF ( f i n a l  c o n c e n t r a t i o n s ) .
6. G l y c e r a l dehyde-3-Phosphate  Dehydrogenase I s o l a t i o n  From 
E ry th ro cy te  Membranes. The method of  Kant and Steck (31) v/as used to  
i s o l a t e  g l y c e r a l dehyde-3-phosphate  dehydrogenase  (GAPDH) from e r y t h r o c y t e  
membranes. E ry th ro c y te  membranes were incuba ted  f o r  20 minutes  a t  
4°C in 20 volumes o f  PBS. The m ix tu re  v/as then  c e n t r i f u g e d  a t  20,000 
x g f o r  10 m inutes  a t  4°C. The s u p e rn a t a n t  s o l u t i o n  was then 
c o n c e n t r a t e d  to 1 ml in  an u l t r a f i l t r a t i o n  c e l l  (D ia f lo  model 12, p lu s  
PM-10 membrane, Amicon Corp.)  and su b seq u en t ly  d i l u t e d  to  10 ml with  
5P8. R eco n cen t ra t io n  o f  th e  s u p e r n a t a n t  to  1 ml v/as made and the  
p ro cess  was r e p e a te d  one t im e .  Concentra ted  GAPDH was ana lyzed  by 
IEF and SDS e l e c t r o p h o r e s i s .
RESULTS
In an a t t e m p t  to  c h a r a c t e r i z e  th e  d i f f e r e n c e  in  i s o e l e c t r i c -  
focus ing  p r o t e i n  p a t t e r n s  o f  s u l f o b e t a i n e - u r e a  s o l u b i l i z e d  e r y t h r o c y t e  
membranes between a f f e c t e d  members o f  t h i s  k indred  and u n a f fe c te d  
r e l a t i v e s ,  s o l u b i l i z e d  p r o t e i n s  were analyzed  by i s o e l e c t r i c - f o c u s i n g  
in  t h e  p rev ious  s e t  o f  e x p e r im en ts .  Subsequent comparisons  to  th e  
b e t t e r  c h a r a c t e r i z e d  SDS e l e c t r o p h o r e s i s  system were made.
E ry th ro c y te  Membrane P r o te in s  S o l u b i l i z e d  in  S u l fo b e ta in e -U re a  
S o l u t i o n . As de termined  by d i r e c t  o b s e r v a t i o n ,  e r y t h r o c y t e  membranes 
a r e  on ly  p a r t i a l l y  s o l u b i l i z e d  in  1 volume o f  2X s u l f o b e t a i n e - u r e a  
s o l u t i o n .  To de te rm ine  which membrane p r o t e i n s  a r e  s o lu b l e  and 
t h e r e f o r e  capab le  o f  being s e p a ra t e d  by th e  i s o e l e c t r i c - f o c u s i n g
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t e ch n iq u e  p r e v io u s ly  d e s c r i b e d ,  a f u l l y  s o l u b i l i z e d  sample was 
d ia ly z e d  in  2% SDS and subsequen t ly  analyzed  by SDS e l e c t r o p h o r e s i s .
The g e l s  in F igure  4 were o b ta in ed  from such an exper iment .  As can 
be observed from the  g e l s ,  th e  presence  o f  s p e c t r i n  (bands 1 and 2) 
i s  i n d i c a t e d  in  th e  s u l f e b e t a i n e - u r e a  s o lu b l e  p r o t e i n  p r e p a r a t i o n ,  
a l th o u g h  some m o lecu la r  weigh t  d i f f e r e n c e s  seem e v id e n t .  Bands 2 .1 ,  
2 .2 ,  and 2 .3  a r e  p r e s e n t ,  bu t  only the  s h o u ld e r  o f  band 3 i s  o b se rv a b le  
in t h i s  g e l .  The p resence  o f  bands 4.1  and 4 .2  may only  be i n f e r r e d  
s in c e  a d i f f u s e  s e r i e s  o f  bands appears  in t h i s  r e g i o n ,  as  compared to  
the  normal.  A high c o n c e n t r a t i o n  o f  th e  composi te  band 4 .5  i s  p r e s e n t ,
w h i le  l e s s e r  r e l a t i v e  q u a n t i t i e s  o f  band 5 a r e  o b s e rv a b le .  Band 6 i s
en r ich ed  r e l a t i v e  to  th e  o t h e r  bands. Some band 7 and e l e v a te d  
amounts o f  hemoglobin (bottom band) a r e  a l s o  o b s e rv a b le  in t h i s  
p r e p a r a t i o n .
Gel F i l t r a t i o n  Chromatography. S e p a r a t io n s  o f  th e  s u l f o b e t a i n e -  
urea s o lu b l e  e r y t h r o c y t e  membrane p r o t e i n s  were accomplished using 
Sephadex G-200 in  a gel f i l t r a t i o n  chromatography system. F igu re  5 
shows th e  e l u t i o n  p r o f i l e  o f  a column monitored a t  280 nm. As can be
seen ,  th e  peak of  g r e a t e s t  i n t e n s i t y  in c lu d e s  f r a c t i o n  17. When t h i s
f r a c t i o n  was ana lyzed  by i s o e l e c t r i c - f o c u s i n g  in  th e  p resence  o f  
s u l f o b e t a i n e  and urea  and compared to  th e  normal i s o e l e c t r i c - f o c u s i n g  
s t a i n i n g  p r o f i l e ,  i t  was en r ich e d  in  the  bands which were m iss ing  in 
the  s t a i n i n g  p r o f i l e s  of  h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  k indred 
members (gel not  shown). A p o r t i o n  o f  f r a c t i o n  17 was e x t e n s iv e ly  
d i a ly z e d  in 2% SDS and ana lyzed  by SDS e l e c t r o p h o r e s i s  (F igu re  6 ) .
I t  may be observed to  c o n ta in  p r im a r i l y  band 6 when compared to  the
F igu re  4. Normal E ry th ro c y te  Membrane P r o te in s  and Those S o lu b le  in 
S u l fo b e ta in e -U re a  S o lu t io n .  I s o l a t e d  membranes were d i s s o lv e d  in  
1 volume o f  2J s u l f o b e t a i n e - u r e a  s o l u t i o n ,  th e  s o lu b l e  p r o t e in s  were 
e x t e n s i v e l y  d ia ly z e d  in 2% SDS, and su b se q u en t ly  e l e c t r o p h o re s e d  in
0.1% SDS po lyacry lam ide  g e l s .  Normal e r y t h r o c y t e  membrane p r o t e i n s  
s o lu b l e  in  SDS ap pear  l e f t  and th o se  s o lu b l e  in s u l f o b e t a i n e - u r e a  
appear  r i g h t .  Bands a r e  d e s ig n a te d  acco rd ing  to  th e  nomencla ture  
o f  F a i rbanks  e t  aj_ (10) .
FIGURE 4
NORMAL ERYTHROCYTE MEMBRANE PROTEINS 
AND THOSE SOLUBLE IN SULFOBETAINE-UREA SOLUTION
Figu re  5. Gel F i l t r a t i o n  Chromatography E lu t i o n  P r o f i l e  o f  
P r o t e i n s  S o lu b le  in  S u l fo b e ta in e -U re a .  S u l f o b e t a i n e - u r e a  s o lu b l e  
p r o t e i n s  were s e p a r a t e d  using Sephadex G-200 in  a column 20 x 1.6 
which was e l u t e d  w i th  50% 2X s u l f o b e t a i n e - u r e a  s o l u t i o n  a t  a flow 
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Figu re  6. SDS Polyacry lamide Gel E l e c t r o p h o r e s i s  o f  Normal E ry th ro c y te  
Membrane P r o te in s  and o f  F r a c t io n  1 7 .  E ry th ro c y te  membrane p r o t e i n s  
s o lu b l e  in s u l f o b e t a i n e - u r e a  were s e p a ra te d  us ing  Sephadex G-200 gel 
f i l t r a t i o n  chromatography as  d e s c r ib e d  and f r a c t i o n  17 (see  F ig u re  5) 
was d ia ly z e d  in  2% SDS p r i o r  to  SDS e l e c t r o p h o r e s i s . Normal e r y t h r o c y t e  
membrane p r o t e i n s  appear  l e f t  and p r o t e i n s  c o n ta in e d  in  f r a c t i o n  17 
appear  r i g h t .
FIGURE 6
SDS POLYACRYLAMIDE GEL ELECTROPHORESIS 
OF NORMAL ERYTHROCYTE MEMBRANE PROTEINS AND OF FRACTION 17
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normal SDS e l e c t r o p h o r e s i s  s t a i n i n g  p r o f i l e .  The working h y p o th e s i s  
was t h a t  band 6 corresponded  to  th e  bands (perhaps  isozymes) which 
were m iss ing  in the  i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e  of  th e  
e r y t h r o c y t e  membranes from th e  k indred  w i th  h e r e d i t a r y  s p h e r o c y t o s i s .
GAPDH I s o l a t i o n  from E ry th ro cy te  Membranes. S ince  band 6 o f  
e r y t h r o c y t e  membranes has been shown to  co r respond  to  GAPDH ( 1 5 , 1 6 ) s 
i t  was o f  i n t e r e s t  to  examine a p r e p a r a t i o n  o f  GAPDH by i s o e l e c t r i c -  
f o c u s in g .  GAPDH was i s o l a t e d  from normal e r y t h r o c y t e  membranes by 
th e  method o f  Kant and S teck  (3 1 ) ,  s o l u b i l i z e d  in  1 volume o f  2X 
s u l f o b e t a i n e - u r e a  s o l u t i o n ,  and s e p a ra te d  by i s o e l e c t r i c - f o c u s i n g  
(F ig u re  7 ) .  The i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p a t t e r n  shows t h a t  the  
p r e p a r a t i o n  c o n ta in s  high c o n c e n t r a t i o n s  o f  th e  p r o t e i n s  m iss ing  in 
th e  h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  k indred  members. SDS e l e c t r o p h o r ­
e s i s  o f  a sample o f  t h i s  same GAPDH p r e p a r a t i o n  r e s u l t e d  in th e  g e l s  
shown in  F igu re  8. Although minute  amounts o f  bands 4 .2  and 4 .5  a r e  
o b se rv ed ,  th e  p rocedure  i s  h ig h ly  s e l e c t i v e  f o r  removal o f  band 6 
from th e  e r y t h r o c y t e  membrane. D en s i to m e t r ic  scans  ( a t  570 nm) o f  th e  
g e l s  in F igu re  8 conf irm  th e  v i s u a l  o b s e r v a t i o n  which i d e n t i f i e s  
GAPDH as  band 6 o f  normal e r y t h r o c y t e  membranes ( F ig u re  9 ) .  Band 6, 
and t h e r e f o r e  GAPDH, co r re sp o n d s  to  th e  bands which were m iss in g  in  
th e  i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e s  o f  th e  e r y t h r o c y t e  membranes 
from h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  k indred  members.
DISCUSSION
E r y th r o c y te  membrane p r o t e i n s  have been c l a s s i f i e d  by S in g e r  (32) 
as  e x t r i n s i c  or  i n t r i n s i c .  E x t r i n s i c  p r o t e i n s  a r e  th o s e  which can be
F igu re  7. I s o e l e c t r i c - F o c u s i n g  P a t t e r n  of  GAPDH I s o l a t e d  from 
Normal E ry th ro c y te  Membranes. GAPDH was i s o l a t e d  from normal 
e r y t h r o c y t e  membranes by washing them in 20 volumes o f  PBS f o r  
20 minutes  a t  4°C ( 3 1 ) ,  c e n t r i f u g i n g  the  suspended membranes a t  
20,000 x g f o r  10 minutes  a t  4°C, and c o n c e n t r a t i n g  and d i a l y z i n g  
the  s u p e r n a t a n t .  The c o n c e n t r a t e d  p r e p a r a t i o n  was s o l u b i l i z e d  in 
s u l f o b e t a i n e - u r e a  and ana lyzed  by i s o e l e c t r i c  fo cu s in g  as d e s c r ib e d .
FIGURE 7
ISOELECTRIC-FOCUSING PATTERN OF GAPDH 
ISOLATED FROM NORMAL ERYTHROCYTE MEMBRANES
F ig u re  8. SDS Polyacry lamide  Gel E l e c t r o p h o r e s i s  o f  Normal E ry th ro c y te  
Membrane P r o te in s  and o f  GAPDH I s o l a t e d  from Normal E ry th ro cy te  
Membranes. GAPDH was i s o l a t e d  from normal e r y t h r o c y t e  membranes 
a s  d e s c r i b e d ,  d i s s o lv e d  in  2% SDS, and analyzed  by SDS e l e c t r o p h o r e s i s .  
Normal e r y t h r o c y t e  membrane p r o t e i n s  appear  l e f t  and GAPDH p r e p a r a t io n  
a p p ea r s  r i g h t .
FIGURE 8
SDS POLYACRYLAMIDE GEL ELECTROPHORESIS OF NORMAL ERYTHROCYTE MEMBRANE 
PROTEINS AND OF GAPDH ISOLATED FROM NORMAL ERYTHROCYTE MEMBRANES
Figure  9. D en s i to m e t r ic  Scans o f  Normal E r y th ro c y te  Membrane 
P r o t e i n s  and o f  GAPDH I s o l a t e d  from Normal E ry th ro c y te  Membranes. 
Normal e r y t h r o c y t e  membranes and GAPDH i s o l a t e d  from normal 
e r y t h r o c y t e  membranes were s o l u b i l i z e d  in  2% SDS and s u b je c te d  
to  SDS e l e c t r o p h o r e s i s .  S ta in ed  g e l s  were scanned a t  570 nm.
(a) scan of  normal e r y t h r o c y t e  membrane p r o t e i n s
(b) scan o f  GAPDH i s o l a t e d  from normal e r y t h r o c y t e  membranes.
FIGURE 9
DENSITOMETRIC SCANS OF NORMAL ERYTHROCYTE MEMBRANE PROTEINS 
AND OF GAPDH ISOLATED FROM NORMAL ERYTHROCYTE MEMBRANES














i s o l a t e d  from the  e r y t h r o c y t e  membrane by g e n t l e  means, u s u a l ly  
in v o lv in g  m a n ip u la t io n s  o f  io n ic  s t r e n g t h  or  pH. I n t r i n s i c  p r o t e i n s  
r e q u i r e  h a r sh e r  i s o l a t i o n  t ech n iq u es  which make use o f  d e t e r g e n t s  o r  
c h a o t ro p ic  a g e n t s .  The gel in F igure  4 co r respond ing  to  th e  p r o t e i n s  
which a r e  s o lu b le  in s u l f o b e t a i n e - u r e a ,  i n d i c a t e s  t h a t  th e  e x t r i n s i c  
p r o t e i n s ,  bands 1, 2,  4 . 1 ,  4 . 2 ,  5,  and 6, a r e  r e a d i l y  s o lu b l e  in  t h i s  
d e t e r g e n t  system. The i n t r i n s i c  p r o t e in s  co r respond ing  to  bands 3 
and 7 a r e  p a r t i a l l y  s o lu b l e  as w e l l .  These f i n d i n g s  i n d i c a t e  t h a t  
s u l f o b e t a i n e ,  when used in c o n ju n c t io n  wi th  high c o n c e n t r a t i o n s  o f  
u r e a ,  i s  an e f f e c t i v e  membrane s o l u b i l i z i n g  d e t e r g e n t .
Band 6 i s  e n r i c h e d ,  r e l a t i v e  to  a l l  the  o t h e r  SDS e l e c t r o p h o r e s i s  
bands, in  the  p r e p a r a t i o n  o f  s u l f o b e t a i n e - u r e a  s o l u b l e  e r y t h r o c y t e  
membranes (see  F igure  4 ) .  S i m i l a r l y ,  the  bands which were m iss ing  in 
th e  i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e s  o f  h e r e d i t a r y  s p h e ro c y to s i s  
a f f e c t e d  p a t i e n t s  o f t e n  seem to be of  h ig h e s t  c o n c e n t r a t i o n  in  s u l f o ­
b e t a i n e - u r e a  s o l u b i l i z e d  normal membranes ( see  F ig u re  1) .  These 
o b s e rv a t io n s  su p p o r t  the  gel f i l t r a t i o n  chromatography and GAPDH 
i s o l a t i o n  ev idence  which i d e n t i f i e d  th e  m iss ing  i s o e l e c t r i c - f o c u s i n g  
bands as  band 6 on th e  SDS e l e c t r o p h o r e s i s  s t a i n i n g  p r o f i l e .  The 
method used f o r  i s o l a t i n g  GAPDH from e r y t h r o c y t e  membranes (31) was 
found to  be f a c i l e  and s e l e c t i v e .  Few con tam inan ts  were i s o l a t e d  along 
wi th  th e  enzyme (see  F ig u res  8 and 9 ) .
As shown in F igu re  7, a s e r i e s  of  4 o r  5 i s o e l e c t r i c - f o c u s i n g  
bands i s  a s s o c i a t e d  with  th e  GAPDH i s o l a t i o n  p r e p a r a t i o n ,  w ith  th e  more 
c o n c e n t r a t e d  bands being l e a s t  anodal  in m o b i l i t y .  Edwards, C la rk ,
33
and H a r r i s  (33) have s tu d i e d  th e  isozymes o f  GAPDH in human red blood 
c e l l s .  They r e p o r t  s i m i l a r  f i n d i n g s  of a t  l e a s t  f i v e  d i s t i n c t  GAPDH 
isozymes and f ee l  t h a t  t h e  more anodal isozymes m y  be analogous to  
th o se  a s s o c i a t e d  wi th  human n u c le o s id e  p hosphory lase .
The f a c t  t h a t  GAPDH isozyme bands a r e  m iss ing  or  d i f f u s e l y  
focused  in  e r y t h r o c y t e  membranes i s o l a t e d  from h e r e d i t a r y  s p h e ro c y to s i s  
a f f e c t e d  k indred  members when compared to  t h o s e  from u n a f fe c te d  
r e l a t i v e s  and o t h e r  u n r e l a t e d  normals i n d i c a t e s  t h a t  th e  i s o e l e c t r i c -  
fo cu s in g  te ch n iq u e  used may have c l i n i c a l  d i a g n o s t i c  p o t e n t i a l .
C l e a r l y ,  c h a r a c t e r i z a t i o n  o f  th e  s p e c i f i c  ab n o rm a l i ty  a f f e c t i n g  th e s e  
isozymes i s  an im p o r ta n t  p r e r e q u i s i t e .
CHAPTER I I I
BINDING SENSITIVITY OF BAND 6 TO ERYTHROCYTE MEMBRANES
INTRODUCTION
Band 6 o f  th e  e r y t h r o c y t e  membrane has been shown to  correspond 
to  th e  enzyme GAPDH (15, 16) and to  bands which were miss ing  in 
i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e s  o b ta in e d  from e r y t h r o c y t e  
membranes o f  h e r e d i t a r y  s p h e ro c y to s i s  a f f e c t e d  k indred  members 
( see  Chapter  I I ) .
Upon i s o l a t i n g  e r y t h r o c y t e  membranes from an a f f e c t e d  member of  
th e  k indred  under s tu d y  on more than f i v e  o c c a s i o n s ,  i t  became a p p a re n t  
t h a t  th e  abnormal p r o t e i n  s t a i n i n g  p r o f i l e  o b ta in e d  by i s o e l e c t r i c -  
fo cu s in g  ( see  F igure  1) was no t  c o n s i s t e n t l y  r e p r o d u c i b l e ;  o c c a s i o n a l l y  
th e  GAPDH isozyme bands were o b se rv a b le .  This f i n d i n g  in d i c a t e d  t h a t  
th e  b ind ing  o f  GAPDH was s e n s i t i v e  to  e i t h e r  t h e  c o n d i t i o n  o f  th e  
p a t i e n t  or  to something in  the  i s o l a t i o n  t e c h n iq u e .  Since i t  has been 
shown t h a t  th e  b ind ing  o f  GAPDH to  th e  membrane i s  s e n s i t i v e  to  io n ic  
s t r e n g t h  (3 1 ) ,  i t  was o f  i n t e r e s t  to compare normal and h e r e d i t a r y  
s p h e ro c y to s i s  band 6 e r y t h r o c y t e  membrane b ind ing  s e n s i t i v i t y  to  
sodium c h l o r i d e  c o n c e n t r a t i o n .
EXPERIMENTAL
A. M a te r i a l s




1. Band 6 E lu t ion  From E ry th ro cy te  Membranes. E r y th ro c y te  
membranes were p repared  as  p r e v io u s ly  o u t l i n e d .  Each of  s ix  f r a c t i o n s  
o f  th e s e  membranes was washed a t  4°C in 5P8 c o n ta in in g  one o f  th e  
fo l lo w in g  c o n c e n t r a t i o n s  o f  NaCl: 0,  0 .034 ,  0 .0 6 8 ,  0 .102 ,  0 .1 3 6 ,  or  
0 .150 M. Membranes were then  c e n t r i f u g e d  a t  20,000 x g f o r  15 m in u te s ,  
th e  b u f f e r  was a s p i r a t e d ,  and th e  washing was r e p e a t e d .  The p e l l e t  was 
then  washed twice  in 5P8 to  remove th e  sodium c h l o r i d e .  Each f r a c t i o n  
was su b seq u en t ly  ana lyzed  by SDS e l e c t r o p h o r e s i s  a s  p r e v io u s ly  d e s c r i b e d ,  
wi th  th e  fo l lo w in g  m o d i f i c a t i o n :  th e  t r a c k i n g  dye s o l u t i o n  was al lowed
to  m ig ra te  th e  a d d i t i o n a l  0 .5  cm to  th e  bottom o f  th e  gel in o rd e r  
to  enhance s e p a r a t i o n  o f  band 6 from band 7. SDS g e l s  were scanned 
f o r  p r o t e i n  a t  570 nm on a Beckman ACTA Cl11 S p ec t ropho tom e te r  and 
th e  amount o f  band 6 remaining  in  each p r e p a r a t i o n  was de te rm ined  as 
th e  a rea  under the  peak, us ing  th e  a rea  under  t h e  peak co r re spond ing  
to  band 3 as  an i n t e r n a l  comparison.
Each o f  th e  membrane f r a c t i o n s  was a l s o  ana lyzed  by i s o e l e c t r i c -  
f o c u s in g  to  i n s u r e  t h a t  GAPDH isozymes were being s e l e c t i v e l y  e lu t e d  
from th e  membranes as  a f u n c t io n  of  sodium c h l o r i d e  c o n c e n t r a t i o n .
RESULTS
Band 6 E lu t io n  From E ry th ro c y te  Membranes. E r y th r o c y te  membranes 
i s o l a t e d  from a h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  k indred  member 
( p a t i e n t  AG) and from normal c o n t r o l s  were washed in  5P8 s o l u t i o n s  
c o n t a i n i n g  vary ing  c o n c e n t r a t i o n s  o f  sodium c h l o r i d e .  A f t e r  
th e  sodium c h l o r i d e  was removed by s ev e ra l  washings in 5P8, th e
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membrane's p r o t e in  composi t ion  v/as analyzed  by SDS e l e c t r o p h o r e s i s .
Gels  in  F igure  10 correspond  to  normal membrane p r o t e in s  remaining in 
each sodium c h l o r i d e  t r e a t e d  p r e p a r a t i o n ;  g e l s  in F igure  11 a r e  th e  
co r respond ing  h e r e d i t a r y  s p h e ro c y to s i s  ( p a t i e n t  AG) ana logues  o f  th o se  
in F ig u re  10. The g e l s  in both F igures  10 and 11 i n d i c a t e  t h a t  band 6 
c o n c e n t r a t i o n  a t t a c h e d  to  th e  membrane d e c re a se s  a s  a f u n c t io n  of  
i n c r e a s i n g  sodium c h l o r i d e  c o n c e n t r a t i o n ,  w i th  th e  most d ram at ic  such 
d e c re a se  o c c u r r in g  between g e l s  c and d. To d e te rm ine  whether  band 6 
e l u t i o n  from h e r e d i t a r y  s p h e ro c y to s i s  membranes v/as more s e n s i t i v e  to  
sodium c h l o r i d e  c o n c e n t r a t i o n  than th e  e l u t i o n  from normal membranes, 
t h e  g e l s  were scanned a t  570 nm. The a re a  under band 6 f o r  each gel was 
a d j u s t e d  f o r  membrane c o n c e n t r a t i o n  by n o rm a l iz ing  i t  wi th  r e s p e c t  to  
the  a r e a  under band 3. On a p e r c e n t  b a s i s ,  membrane bound band 6 
v a lu es  d i f f e r  s i g n i f i c a n t l y  f o r  p a t i e n t  AG and normals w i th in  th e  range  
0.102 M £  [NaCl] £  0 .150 M (F igu re  12) .  Values f o r  p a t i e n t  AG a r e  
ap p ro x im a te ly  h a l f  th e  normal v a lu e  a t  sodium c h l o r i d e  c o n c e n t r a t i o n s  
o f  0 .136 and 0 .150 M.
The i s o e l e c t r i c - f o c u s i n g  gel in  F igu re  13 c o n t a i n s  s t a i n i n g  
p r o f i l e s  o b ta in e d  from each o f  s ix  sodium c h l o r i d e  t r e a t e d ,  h e r e d i t a r y  
s p h e r o c y t o s i s  a f f e c t e d  e r y t h r o c y t e  membranes (a - f ) .  P r o f i l e s  on both 
ends o f  t h i s  gel (B6) cor respond  to  GAPDH isozymes i s o l a t e d  from 
normal membranes. Both normal and h e r e d i t a r y  s p h e r o c y t o s i s  GAPDH 
isozymes appear  to  have th e  same i s o e l e c t r i c  p o i n t s .
As can be seen ,  GAPDH bands o f  h e r e d i t a r y  s p h e r o c y t o s i s  membranes 
d e c r e a s e  in c o n c e n t r a t i o n  as  a f u n c t io n  of  i n c r e a s i n g  sodium c h l o r i d e  
c o n c e n t r a t i o n  (F igu re  13) .  The most d ram a t ic  GAPDH d e c re a se  occurs
FIGURE 10
SDS ELECTROPHORESIS GELS SHOWING EFFECTS OF WASHING NORMAL ERYTHROCYTE 
MEMBRANES IN SOLUTIONS OF VARYING SODIUM CHLORIDE CONCENTRATION
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SHOWING EFFECTS OF WASHING HEREDITARY SPHEROCYTOSIS ERYTHROCYTE MEMBRANES 
IN SOLUTIONS OF VARYING SODIUM CHLORIDE CONCENTRATION
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Figu re  12. P e r c e n t  E ry th ro c y te  Membrane Bound Band 6 as a 
Func t ion  o f  Sodium C h lo r id e  C o n c e n t r a t io n .  E ry th ro c y te  membranes 
were washed in 5P8 c o n ta in in g  v a ry ing  amounts o f  sodium c h l o r i d e .  
Res idual  membranes were ana lyzed  by SDS e l e c t r o p h o r e s i s , and g e l s  
were s t a i n e d  and scanned as d e s c r i b e d .  The a r e a  under th e  peak 
c o r re sp o n d in g  to  band 6 was measured and c o r r e c t e d  f o r  membrane 
c o n c e n t r a t i o n .  I n d iv id u a l  a f f e c t e d  with  h e r e d i t a r y  s p h e r o c y t o s i s  
i s  p a t i e n t  AG.
FIGURE 12
PERCENT ERYTHROCYTE MEMBRANE BOUND BAND 6 
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between g e l s  c and d ,  a f in d in g  which ag rees  with  th e  SDS g e l s  in 
F igure  11. Note t h a t  one GAPDH isozyme band in f r a c t i o n  f  i s  o b se rv ab le  
(F igu re  13) .  This o b s e rv a t io n  was not  reproduced in subsequent  
i s o e l e c t r i c - f o c u s i n g  runs  o f  th e  same f r a c t i o n .  S im i la r  GAPDH isozyme 
band d e c re a se s  as  a f u n c t io n  o f  sodium c h l o r i d e  were ob ta in ed  f o r  normal 
membrane f r a c t i o n s  (gel n o t  shown). No isozyme bands appeared to  be 
s e l e c t i v e l y  i n s e n s i t i v e  to  sodium c h l o r i d e  e l u t i o n  from th e s e  membranes.
DISCUSSION
H ere d i t a ry  s p h e ro c y to s i s  a f f e c t e d  and u n a f f e c te d  e r y t h r o c y t e  
membrane band 6 b inding s e n s i t i v i t y  to  sodium c h l o r i d e  c o n c e n t r a t i o n  
has been examined in t h e s e  s t u d i e s  by q u a n t i t a t i v e  d en s i to m e t ry  o f  
SDS e l e c t r o p h o r e s i s  g e l s .  P a t i e n t  AG, who i s  an a f f e c t e d  k indred 
member, m a n i f e s t s  abnormal membrane a f f i n i t y  f o r  band 6 v/hen compared 
to  normal c o n t r o l s ,  w i th in  a range  o f  sodium c h l o r i d e  c o n c e n t r a t i o n s  
s tu d i e d  (see  F igu re  12) .  This  f in d i n g  p rov ides  a r a t i o n a l e  f o r  
e x p la in in g  why abnormal i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e s  o f  
p a t i e n t  AG were no t  c o n s i s t e n t l y  r e p r o d u c i b l e .  I t  does n o t ,  however,  
d i s t i n g u i s h  between p o s s i b l e  in  vivo and in v i t r o  io n i c  s t r e n g t h  
e f f e c t s  on t h i s  b ind ing .  On th e  one hand, th e  in v ivo sodium c o n c e n t r a t i o n  
w i th in  sp h e ro c y te s  could p o s s i b l y  a t  t imes be high enough to  cause 
d i s s o c i a t i o n  of  twice  as  much band 6 as occu rs  in normal e r y t h r o c y t e s . 
Subsequent  i s o l a t i o n  o f  membranes, invo lv ing  l y s i s  o f  c e l l s ,  would 
then wash the  p r e v io u s ly  d i s s o c i a t e d  enzyme o u t  o f  th e  membranes, 
with  th e  c o n c e n t r a t i o n  o f  the  remaining bound enzyme being below 
th e  d e t e c t i o n  l i m i t s  of  i s o e l e c t r i c - f o c u s i n g .  On th e  o th e r  hand,
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in v i t r o  l y s i s  of  sph e ro cy te s  in  the  p resence  o f  e le v a te d  l e v e l s  of  
sodium ( i . e .  above hypotonic  5P8) could lead  to  s i m i l a r  r e s u l t s  
as  w el1.
Kant and Steck (31) have examined normal GAPDH membrane b ind ing  
s e n s i t i v i t y  as a f u n c t io n  o f  sodium c o n c e n t r a t i o n  by s p e c i f i c  enzyme 
a c t i v i t y  a s s a y s .  They r e p o r t  app ro x im a te ly  12% s o lu b le  GAPDH a c t i v i t y  
(88% membrane bound) a t  0.070 M NaCl and 77% (23% membrane bound) a t
0 .100 M NaCl f o r  normal membranes a t  pH 8 . 0 .  Corresponding normal 
v a lu es  ob ta in ed  from th e  q u a n t i t a t i v e  d e n s i to m e t ry  o f  SDS e l e c t r o p h o r e s i s  
g e l s  in th e  p r e s e n t  s tu d y  (see  F igure  12) were 93% membrane bound 
band 6 a t  0.068 M NaCl and 29% a t  0.102 M NaCl. These two methods 
c o r r e l a t e  well  w i th in  t h i s  range o f  sodium c h l o r i d e  c o n c e n t r a t i o n s ,  
d e s p i t e  th e  f a c t  t h a t  th e  former  measures s o lu b l e  GAPDH a c t i v i t y  and 
th e  l a t t e r  measures membrane bound band 6.
Comparison of  i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e s  (B6) and 
(a) in F igu re  13 i n d i c a t e s  t h a t  membranes o f  p a t i e n t  AG a r e  no t  d e f i c i e n t  
in GAPDH isozyme bands,  as p r e v io u s ly  th o u g h t .  F u r th e r ,  GAPDH isozyme 
bands o f  p a t i e n t  AG d e c re a se  in  c o n c e n t r a t i o n  wi th  i n c r e a s i n g  sodium 
c h l o r i d e  c o n c e n t r a t i o n  in the  wash b u f f e r  a t  a r a t e  s i m i l a r  to  th e  
r a t e  d e c rea se  observed in band 6 on SDS g e l s  ( s e e  F igure  11) ,  s in c e  
th e  g r e a t e s t  d ec re a se  in  each occurs  between f r a c t i o n s  c and d.
P h y s io lo g ic  r o l e s  f o r  e r y t h r o c y t e  membrane a s s o c i a t e d  GAPDH a re  
p r e s e n t l y  not  c l e a r l y  d e te rm in ed ,  a l though  s e v e ra l  su g g e s t io n s  have 
been o f f e r e d .  B a r t l e t t  (34) has sugges ted  t h a t  GAPDH may c a t a l y t i c a l l y  
c o n t ro l  t r a n s p o r t  of  phosphate  i n t o  th e  e r y t h r o c y t e .  Parker  and 
Hoffman (35) have proposed t h a t  GAPDH, coupled  w i th  phosphog lyce ra te
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k in a se ,  may g e n e ra te  energy f o r  maintenance and c o n t r o l  of  the  sodium 
pump o f  e r y t h r o c y t e s . A t h i r d  major su g g e s t io n  s e t  f o r t h  by S c h r i e r  
(36 ,37)  i s  t h a t  GAPDH produces energy to  c o n t ro l  a c t i v e  t r a n s p o r t  
i n t o  t h e  e r y t h r o c y t e .  Each o f  th e s e  t h e o r i e s ,  based on varying 
degrees  o f  s c i e n t i f i c  e v id en ce ,  p o s t u l a t e s  a r o l e  f o r  membrane bound 
GAPDH in v o lv in g  t r a n s p o r t  o f  some su b s ta n ce  a c r o s s  e r y th r o c y te  
membranes. An abnorm al i ty  which a f f e c t s  b ind ing  o f  th e  enzyme to  
t h e  membrane could  t h e r e f o r e  u p s e t  th e  p roper  i n t r a -  and e x t r a c e l l u l a r  
b a lan ce  o f  one o r  more s p e c i f i c  s u b s ta n c e s .  The f a c t  t h a t  a 
h e r e d i t a r y  s p h e ro c y to s i s  a f f e c t e d  k indred  member m a n i fe s t s  a l t e r e d  
membrane a f f i n i t y  f o r  band 6 i s  i n t e r e s t i n g  in  t h i s  reg a rd  s in c e  
sodium l e v e l s  have been shown to be e l e v a t e d  w i t h i n  sp h e ro cy te s  ( 4 ) ,  
even though the  p r e s e n t  s t u d i e s  a r e  not  c o n c lu s iv e  o f  a r e l a t i o n s h i p  
between the  two.
CHAPTER IV
BINDING SENSITIVITY OF GAPDH TO ERYTHROCYTE MEMBRANES
INTRODUCTION
G lycera Idehyde-3-phospha te  dehydrogenase (GAPDH) i s  a g l y c o l y t i c  
enzyme found in  c a rb o h y d ra te  m e tab o l iz in g  organ isms.  Comparative 
s t u d i e s  from mammals to  y e a s t  i n d i c a t e  t h a t  th e  enzyme i s  a t e t r a m e r  of  
f o u r  p robab ly  i d e n t i c a l  p o ly p e p t id e  c h a in s ,  each o f  which has a m olecu la r  
w eigh t  of  36,000 d a l to n s  (3 8 -41 ) .  Mammalian GAPDH c o n t a i n s  fo u r  t h i o l  
groups per  c h a in ,  one of  which i s  lo c a te d  a t  th e  a c t i v e  s i t e  (42) .
Human e r y t h r o c y t e s  and e r y t h r o c y t e  membrane p r e p a r a t i o n s  c o n ta in  
GAPDH. As a membrane p r o t e i n ,  i t  has been c l a s s i f i e d  as e x t r i n s i c  
because  i t  may e a s i l y  be removed from the  membrane (32 ) .  The f a c t  t h a t  
GAPDH adheres  to  e r y t h r o c y t e  membranes under membrane i s o l a t i o n  
c o n d i t i o n s  ( i . e .  hypotonic  hemolysis  in 5 mM sodium pho sp h a te ,  pH 8 .0 )  
i s  no t  adequa te  c r i t e r i a  to  conclude  t h a t  i t  adheres  in v ivo .  I t s  
p re sen ce  in i s o l a t e d  membrane p r e p a r a t i o n s  (5 -  7% o f  t o t a l  membrane 
p r o t e i n  s t a i n a b l e  on SDS e l e c t r o p h o r e s i s  g e l s ,  (31))  could  r e p r e s e n t  
e l e c t r o s t a t i c  a d s o rp t io n  o r  hydrophobic i n t e r a c t i o n  o f  th e  enzyme onto 
or  w i th  the  membrane. Kant and Steck (31) have shown t h a t ,  a l though  
random a t tach m en t  does o cc u r ,  GAPDH has s p e c i f i c  b ind ing  s i t e s  
f o r  a t t ach m en t  to  th e  in n e r  s u r f a c e  o f  th e  e r y t h r o c y t e  membrane, 
p robab ly  on th e  p r o t e i n  d e s ig n a te d  as  band 3. More r e c e n t l y  Yu and 
Steck (43) have shown t h a t  band 6, th e  protomer  o f  GAPDH, c o - p u r i f i e s
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with  band 3 and t h a t  th e  band 3 dimer binds  two t e t r a m e r s  o f  th e  
enzyme a t  th e  cy top lasm ic  s u r f a c e  of  th e  e r y t h r o c y t e .
Binding o f  GAPDH to  e r y t h r o c y t e  membranes has been th e  s u b j e c t  
o f  o t h e r  s t u d i e s  as  w e l l .  These s t u d i e s  have i n d i c a t e d  t h a t  t h e  
b ind ing  may be a f f e c t e d  by v a r io u s  m e t a b o l i t e s  ( 3 1 ) ,  by b i l i r u b i n  ( 4 4 ) ,  
and by s a l t  s o l u t i o n s  (3 1 ,4 5 -4 9 ) .
I s o e l e c t r i c - f o c u s i n g  s t u d i e s  o f  e r y t h r o c y t e  membranes i s o l a t e d  
from h e r e d i t a r y  s p h e r o c y to s i s  a f f e c t e d  and u n a f f e c t e d  members o f  a 
l a r g e  k indred  ( see  Chapters  I and I I )  r e v e a le d  t h a t  c e r t a i n  p r o t e i n  
bands were f r e q u e n t l y  a b s e n t  o r  g r e a t l y  reduced in  membrane p r e p a r a t i o n s  
i s o l a t e d  from p a t i e n t s  a f f e c t e d  by h e r e d i t a r y  s p h e r o c y t o s i s  compared 
to  u n a f f e c t e d  normals (28) .  These bands have been i d e n t i f i e d  as  th e  
isozymes o f  GAPDH by s e p a r a t i n g  e r y t h r o c y t e  membrane p r o t e i n s  us ing  
gel f i l t r a t i o n  chromatography fo l lowed  by SDS e l e c t r o p h o r e s i s  and 
i s o e l e c t r i c - f o c u s i n g  a n a ly s e s  ( see  Chapter  I I ) .  Subsequent  GAPDH 
i s o l a t i o n  from normal membranes confirmed th e  i d e n t i f i c a t i o n .
In c h a p t e r  I I I  band 6 b ind ing  s e n s i t i v i t y  t o  sodium c h l o r i d e  
c o n c e n t r a t i o n  has been s tu d i e d  in  normals and in  one h e r e d i t a r y  
s p h e r o c y t o s i s  a f f e c t e d  k indred  member ( p a t i e n t  AG). In t h e s e  s t u d i e s  
membrane p r e p a r a t i o n s  were washed in  s o l u t i o n s  o f  v a ry ing  sodium 
c h l o r i d e  c o n c e n t r a t i o n  and th e  q u a n t i t y  o f  band 6 remain ing  bound to  
th e  membrane was de te rm ined .  R e s u l t s  i n d i c a t e d  a more s e n s i t i v e  
b ind ing  o f  band 6 to  e r y t h r o c y t e  membranes in t h e  h e r e d i t a r y  sp h e ro ­
c y t o s i s  a f f e c t e d  p a t i e n t  examined compared to  normals  ( s e e  Chapter  I I I ) .
I t  was of  i n t e r e s t  to  conf i rm  t h i s  i n c r e a s e d  b ind ing  s e n s i t i v i t y  
to  sodium c h l o r i d e  c o n c e n t r a t i o n  in  h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d
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kindred  members by measur ing s p e c i f i c  enzyme a c t i v i t y  r e l e a s e d  in to  
th e  su rround ing  s o l u t i o n s  as a f u n c t io n  o f  sodium c h l o r i d e  c o n c e n t r a t i o n .  
Enzyme a c t i v i t y  r e l e a s e  da ta  f o r  the  kindred under  examination as  
well  as  from h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  p a t i e n t s  from o th e r  
u n r e l a t e d  k indreds  a r e  p re se n te d  below.
EXPERIMENTAL
A. M a te r i a l s
1. Chem ica ls . In a d d i t i o n  to  th e  chem ica ls  in  Chapter  I I ,  the
fo l lo w in g  chem ica ls  were o b ta in e d  from:
Sigma Chemical Co.
Albumin from bovine serum
G ly ce ra ld eh y d e -3 -p h o sp h a te  dehydrogenase  ( r a b b i t  muscle)  
D L-G lycera ldehyde-3-phosphoric  a c i d ,  d i e t h y l a c e t a l  
(monobarium s a l t )
3 -N ico t inam ide  aden ine  d i n u c l e o t i d e  
Dowex-50W hydrogen form
F i s h e r  S c i e n t i f i c  Co.
Cupr ic  s u l f a t e
Sodium c a rb o n a te
Sodium potass ium t a r t r a t e
Sodium f l u o r i d e
Sodium a r s e n a t e
Sodium pyrophosphate
Eastman Kodak
L - ( + ) - C y s t e in e  h y d ro c h lo r id e  
Harleco
Phenol r e a g e n t  F o l in  & C io c a l t e u  (2N)
2. S o l u t i o n s .
a .  Lowry S o lu t io n  A 
0.19  M Na2C03
0.7  mM NaKC4H406 • 4 H? 0 
0 .1  M NaOH
b. Lowry S o lu t io n  B
0.5% (w/v) ”CuS04 • 5 H20
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c .  Lowry S o lu t io n  C 
0.186 M NaCOo
0.69 mM NaKC.H.O. • 4 Ho0 
0.1 M NaOH 4 4 6  2
d. Fo l in  Reagent
50% (v /v )  Stock phenol r e a g e n t  Fo l in  & C io ca l teu
B. Methods
1. P r o te in  D e te rm in a t io n . P ro te in  c o n c e n t r a t i o n  was determined 
by the  method of  Lowry (50) .  P r o te in  in  20 yfi, a l i q u o t s  v/as added to 
tubes  c o n ta in in g  0 .48 ml H^O. The blank co n ta in ed  no p r o t e i n  and 
0 .5  ml H20. To each tube  was added 2 ml of  Lowry s o l u t i o n  C. Tubes 
were then  i n v e r t e d .  A f t e r  10 - 15 m inu tes ,  0 .25  ml o f  Fo l in  r e a g e n t  
was added to  each tu b e ,  fo l lowed by immediate i n v e r s i o n .  Absorbance 
a t  500 nm was measured 30 minutes  a f t e r  a d d i t i o n  o f  Fo l in  r e a g e n t
( a t  room te m p e r a tu re ) .  S tandard  curves  us ing  bovine serum albumin (BSA) 
were g en e ra te d  and unknown p r o t e i n  c o n c e n t r a t i o n s  were determined 
d i r e c t l y  from th e s e  c u rv e s .
2. P r e p a ra t i o n  o f  G ly ce ra ld eh y d e -3 -P h o sp h a te . G lyce ra ldehyde-3-  
phosphate  was p repared  from th e  d i e t h y l a c e t a l  monobarium s a l t  and 
s t a n d a rd i z e d  by th e  methods o f  Sigma Chemical Co.
3. GAPDH Enzyme A ssay . The enzyme GAPDH was assayed  by th e  
method o f  Steck and Kant (51) acco rd ing  to  th e  fo l lo w in g  r e a c t i o n :
GAPDH
GAP + 3-NAD + H20 ---------- > PGA + NADH + H+
A rsena te
A few m o d i f i c a t i o n s  were i n t ro d u c e d .  A l iq u o ts  o f  2 - 100 y& o f  
enzyme or  membrane were mixed w i th  one volume o f  5P8. To t h i s  
suspens ion  30 mM sodium pyrophospha te ,  pH 8 . 4 ,  4 mM cyste ine-HCl 
(add cys te ine-HCl j u s t  p r i o r  to  use)  was added to  g iv e  a f i n a l  volume
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of  0.82 ml o f  s o l u t i o n .  30 p& o f  0 .4  M sodium a r s e n a t e  was added 
fo llowed by 50 yfl, o f  20 mM 3-NAD. Samples were then p re incuba ted  f o r  
5 m inutes  a t  37°C p r i o r  to  a d d i t i o n  of  100 p& o f  approx im ate ly  3 mM 
GAP, pH 7 .0  (pH a d ju s te d  with  NaOH j u s t  p r i o r  to  u s e ) .  At the  
c o n c e n t r a t i o n s  o f  enzyme being a s say e d ,  GAP was found to be s a t u r a t i n g .  
Absorbance a t  340 nm was measured 1 minute and 30 minutes  a f t e r  
a d d i t i o n  o f  GAP as a measure o f  th e  NADH formed a t  37°C.
4. GAPDH E lu t io n  From E ry th ro c y te  Membranes. E ry th rocy te  
membrane p r e p a r a t i o n s  were assayed  f o r  t o t a l  p r o t e i n  by th e  method o f  
Lowry (50) and th e  c o n c e n t r a t i o n  was a d ju s t e d  t o  2 .0  mg/ml us ing  5P8 
f o r  th e  n e c e s sa ry  d i l u t i o n s .  5 o f  t h e s e  membranes were then  added 
to 1 ml o f  5P8 c o n ta in in g  one o f  th e  fo l lo w in g  c o n c e n t r a t i o n s  o f  NaCl: 
0,  0 .034 ,  0 .068 ,  0 .102 ,  0 .136 ,  o r  0.150 M. Suspended membranes were 
incuba ted  a t  4°C f o r  90 minutes  and then c e n t r i f u g e d  a t  20,000 x g f o r  
10 minutes  a t  4°C. S u p e rn a tan t  samples o f  100 were subsequen t ly  
a ssayed  f o r  GAPDH a c t i v i t y  r e l e a s e d  from th e  membranes.
RESULTS
R e l a t i o n s h i p  Between GAPDH A c t i v i t y  And E ry th ro c y te  Membrane 
C o n c e n t r a t i o n . E r y th ro c y te  membranes p repared  as  d e sc r ib e d  r e t a i n  
60 - 85% o f  th e  e r y t h r o c y t e 1s t o t a l  GAPDH a c t i v i t y  (3 1 ,4 9 ) .  As 
shown in F igure  14 th e  r e l a t i o n s h i p  between GAPDH a c t i v i t y  and 
e r y t h r o c y t e  membranes was de termined to  be l i n e a r  under  our a s sa y  
c o n d i t i o n s  up to  9 p£ o f  membranes a t  p r o t e i n  c o n c e n t r a t i o n s  o f  
a pp rox im a te ly  0 .5  mg/ml. Steck and Kant (51) r e p o r t  t h a t  an a c c u r a t e  
measure of  th e  GAPDH a c t i v i t y  in  a sample i s  r e f l e c t e d  in th e
F igu re  14. GAPDH A c t i v i t y  as  a Funct ion  o f  E r y th r o c y te  Membrane 
C o n c e n t r a t io n .  Varying amounts o f  normal e r y t h r o c y t e  membranes o f  
a p p ro x im a te ly  0 . 5  mg/ml were assayed  f o r  GAPDH a c t i v i t y  u s ing  
3 mM GAP as  s u b s t r a t e .  Enzyme a c t i v i t y  was de te rm ined  by measuring 
absorbance  change a t  340 nm between 1 and 30 m inu tes  a f t e r  
























absorbance  change a t  340 nm between 1 and 2 minutes  a f t e r  a d d i t i o n  o f  
s u b s t r a t e .  GAP c o n c e n t r a t i o n s  o f  app ro x im a te ly  3 mM were found to  be 
s a t u r a t i n g  f o r  t h i r t y  minutes  a f t e r  i n i t i a t i o n  of  th e  r e a c t i o n ,  as 
shown in F igure  14. This pe r iod  of  t ime was cons ide red  more d e s i r a b l e  
because  i t  a llowed f o r  g r e a t e r  absorbance  changes ( l e s s  i n h e r e n t  
sampling e r r o r )  and more s e n s i t i v i t y  in de te rm in ing  enzyme a c t i v i t y .
GAPDH E lu t io n  From E ry th ro cy te  Membranes. Measuring t h e  r e l e a s e  
o f  GAPDH a c t i v i t y  from e r y t h r o c y t e  membranes was found to  be a n o t h e r ,  
more s e n s i t i v e  method f o r  s tu d y in g  GAPDH bind ing  a f f i n i t y  t o  membranes 
as  a f u n c t io n  o f  sodium c h l o r i d e  c o n c e n t r a t i o n .  Typica l e l u t i o n  
cu rves  were s igmoidal  f o r  normal and h e r e d i t a r y  s p h e r o c y t o s i s  a f f e c t e d  
p a t i e n t s ,  w i th  maximum GAPDH e l u t i o n  from membranes u s u a l l y  o c c u r r in g  
a t  0 .136 M NaCl.
As shown in  F ig u re  15 e r y t h r o c y t e  membranes from p a t i e n t  AG 
(curve  a)  were found to  r e l e a s e  app rox im a te ly  tw ice  as  much GAPDH 
a c t i v i t y  per  mg o f  membrane p r o t e i n  in  th e  range  0 .068 M £  [NaCl]
0 .150 M when compared to  u n a f f e c t e d ,  u n r e l a t e d  normals (cu rv e  d ) .  
Membranes from se v e ra l  u n a f f e c te d  normals were assayed  f o r  GAPDH 
r e l e a s e  a t  0.136 M NaCl in  o rd e r  to  e s t a b l i s h  a p p r o p r i a t e  normal 
b a s e l i n e  a c t i v i t y  v a lu e s  (F ig u re  16) .  The va lues  f o r  normals WY,
RC, and RC^  (and o t h e r s ,  no t  r e p o r t e d )  were w i th in  an approx im ate  
range  o f  0.07 to  0 .10  absorbance  u n i t s / 3 0  m in u te s ,  whereas v a lu e s  
a t  th e  same sodium c h l o r i d e  c o n c e n t r a t i o n  f o r  p a t i e n t  AG f e l l  w i th in  
a range  of  0 .18  to  0 .20 absorbance  u n i t s / 3 0  m inutes .
E ry th ro c y te  membranes from two c h i l d r e n  o f  p a t i e n t  AG, one 
h e r e d i t a r y  s p h e r o c y to s i s  a f f e c t e d  (curve  c ,  p a t i e n t  KG) and one normal
F igu re  15. GAPDH A c t i y i t y  Released  from E ry th ro c y te  Membranes as  a 
Funct ion  o f  Sodium Chlo r ide  C o n ce n t ra t io n .  E ry th ro c y te  membranes 
w i th  p r o t e i n  c o n c e n t r a t i o n s  o f  2 .0  mg/ml were incuba ted  f o r  90 m inu tes  
a t  4°C in 5P8 c o n ta in in g  v a ry in g  c o n c e n t r a t i o n s  o f  sodium c h l o r i d e .  
Suspensions  were c e n t r i f u g e d  a t  .20,000 x g a t  4°C f o r  10 m in u te s .  
S o lub le  enzyme a c t i v i t y  in  100 o f  s u p e r n a t a n t  s o l u t i o n  was assayed  
a t  340 nm as  d e s c r ib e d .  R e s u l t s  f o r  p a t i e n t  AG (a )  who m a n i fe s t s  
h e r e d i t a r y  s p h e r o c y t o s i s ,  f o r  t h i s  p a t i e n t ' s  u n a f f e c t e d  (b) and 
a f f e c t e d  (c) c h i l d r e n ,  and f o r  an u n a f f e c t e d ,  u n r e l a t e d  normal 
















GAPDH ACTIVITY RELEASED FROM ERYTHROCYTE MEMBRANES 
AS A FUNCTION OF SODIUM CHLORIDE CONCENTRATION
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F igu re  16. S o lu b le  GAPDH A c t i v i t y  E lu ted  from E ry th ro c y te  
Membranes a t  0 .136 M NaCl. E ry th ro c y te  membranes c o n ta in in g  
2 .0  mg/ml p r o t e i n  were in cu b a ted  f o r  90 minutes  a t  4°C in  5P8 
c o n ta in in g  0 .136 M NaCl. A f t e r  c e n t r i f u g i n g ,  100 uZ o f  s u p e r n a t a n t  
s o l u t i o n  was assayed  f o r  GAPDH a c t i v i t y  a t  340 nm. P a t i e n t s  
AG, KG, and CG a re  r e l a t e d .  P a t i e n t s  MS, HS, DS, and DS' a r e  
r e l a t e d  and p a t i e n t s  WY, RC, and RC' a r e  u n r e l a t e d .  P a t i e n t s  CG, 
WY, RC, MS, and RC' a r e  u n a f f e c t e d  by h e r e d i t a r y  s p h e ro c y to s i s  
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(curve b, p a t i e n t  CG), have a l s o  been analyzed by t h i s  method 
(F ig u re s  15 and 16).  As can be seen ,  v a lu es  o f  GAPDH a c t i v i t y  a r e  
q u i t e  s i m i l a r  f o r  both o f f s p r i n g  and l i e  i n t e rm e d ia t e  between v a lu e s  
f o r  p a t i e n t  AG and normals in th e  0.068 M £  [NaCl] £  0 .150 M ran g e .
Another  k indred  m a n i fe s t in g  h e r e d i t a r y  s p h e r o c y t o s i s  was examined 
f o r  GAPDH a f f i n i t y  to  e r y t h r o c y t e  membranes (F igu re  16) .  Enzyme 
a c t i v i t y  r e l e a s e d  from th e  membranes f o r  t h e s e  p a t i e n t s  (MS, HS, DS, 
and DS^) was found to  l i e  e n t i r e l y  w i th in  th e  normal r a n g e ,  even 
though on ly  p a t i e n t  MS was u n a f fe c te d  by h e r e d i t a r y  s p h e r o c y t o s i s .
DISCUSSION
In th e  s t u d i e s  which demonstra ted  th e  r e l a t i o n s h i p  between 
GAPDH a c t i v i t y  and e r y t h r o c y t e  membrane c o n c e n t r a t i o n ,  3 mM GAP was 
found to  be s a t u r a t i n g ,  as  shown by th e  l i n e a r  curve  in  F ig u re  14. 
N o n - sa tu r a t in g  l e v e l s  o f  GAP s u b s t r a t e  would have been i n d i c a t e d  by 
a h y p e rb o l ic - sh a p e d  c u rv e ,  with  a f l a t t e n e d  p o r t i o n  a t  high e r y t h r o ­
c y t e  membrane c o n c e n t r a t i o n s .  The maximum enzyme a c t i v i t y  measured 
in  F igu re  14 was 0.496 absorbance  u n i t s / 3 0  m in u te s .  P r o te i n  c o n c e n t r a ­
t i o n s  used in  th e  enzyme e l u t i o n  exper iments  ( see  F ig u re s  15 and 16) 
were chosen to  i n s u r e  t h a t  enzyme a c t i v i t i e s  would always f a l l  well  
w i th in  the  l i n e a r  p o r t i o n  o f  th e  curve in F igure  14; e l u t e d  enzyme 
would t h e r e f o r e  be s a t u r a t e d  w i th  s u b s t r a t e  as  w e l l .
Sigmoidal cu rves  in  F igure  15 i n d i c a t e  t h a t  more enzyme i s  
r e l e a s e d  in to  the  s u p e rn a t a n t  from e r y t h r o c y t e  membranes a s  th e  
c o n c e n t r a t i o n  o f  sodium c h l o r i d e  i s  i n c r e a s e d ,  u s u a l l y  r e a c h in g  a 
maximum v a lu e  a t  0.136 M NaCl. Coupled with  t h i s  f i n d i n g  i s  th e  f a c t
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t h a t  concom itan t  l o s s  of  band 6 on SDS e l e c t r o p h o r e s i s  g e l s  occurs  
in a sigmoidal  f a sh io n  wi th  i n c r e a s i n g  sodium c h l o r id e  c o n c e n t r a t i o n  
(see  Chapter  I I I ) .  This  l o s s  o f  band 6 from th e  membranes, coupled 
wi th  a ga in  in GAPDH a c t i v i t y  in  th e  s u p e r n a t a n t  s o lu t i o n  adds a 
f u r t h e r  measure of  con f idence  in  i d e n t i f y i n g  t h e  m iss ing  p r o t e in  
bands o f  i s o e l e c t r i c - f o c u s i n g  s t a i n i n g  p r o f i l e s  o f  membranes i s o l a t e d  
from h e r e d i t a r y  s p h e ro c y to s i s  a f f e c t e d  kindred members ( see  Chapter  I I )  
a s  both band 6 and GAPDH.
GAPDH e r y t h r o c y t e  membrane b inding  s e n s i t i v i t y  as  a f u n c t io n  of  
sodium c h l o r i d e  c o n c e n t r a t i o n  has been examined in t h e s e  s t u d i e s  by 
s p e c i f i c  enzyme a c t i v i t y  a s s a y s .  This  method c o r r e l a t e s  wel l  with  th e  
method us ing  q u a n t i t a t i v e  d e n s i to m e t ry  o f  SDS e l e c t r o p h o r e s i s  g e l s  
( see  Chapter  I I I )  w i th in  th e  range  0.102 M £  [NaCll £  0 .150 M, d e s p i t e  
the  f a c t  t h a t  th e  former  measures enzyme a c t i v i t y  and th e  l a t t e r  
measures  band 6 p r o t e i n .
S ince  i t  has been shown t h a t  GAPDH can be d i s p l a c e d  from e r y t h r o ­
c y te  membranes by v a r io u s  s u b s ta n ce s  ( 3 1 ,4 4 - 4 9 ) ,  i t  may be s p e c u la te d  
t h a t  t h e s e  s u b s ta n ce s  e i t h e r  a f f e c t  s i t e s  on th e  enzyme d i r e c t l y  
involved  wi th  membrane adherence  or  produce c o n f i g u r a t i o n a l  changes in  
t h e  membrane i t s e l f ,  l e a d in g  to  enzyme d i s s o c i a t i o n  (5 2 ) .  This  l a t t e r  
h y p o th e s i s  may seem to  be th e  one o f  g r e a t e r  p r o b a b i l i t y  in  l i g h t  o f  
s t u d i e s  r e p o r t e d  by Jen k in s  and Tanner (5 3 ) .  They have shown t h a t  
t h e  p o ly p e p t id e  co r re sp o n d in g  to  band 3 on SDS e l e c t r o p h o r e s i s  g e l s  
undergoes  i o n i c - s t r e n g t h - d e p e n d e n t  changes in  s t r u c t u r e .  This  f in d in g  
i s  p a r t i c u l a r l y  i n t e r e s t i n g  and r e l e v a n t  to  r e s u l t s  p r e se n te d  s in c e  th e  
enzyme GAPDH binds  to band 3. F ind ings  r e p o r t e d  in Chapter  I I I
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i n d i c a t e  t h a t  the  GAPDH isozymes o f  a h e r e d i t a r y  s p h e ro c y to s i s  
a f f e c t e d  kindred  member ( p a t i e n t  AG) have the  same i s o e l e c t r i c  
p o in t s  as  normal GAPDH isozymes ( see  F igure  12) .  A s t ro n g  p o s s i b i l i t y ,  
t h e r e f o r e ,  i s  t h a t  t h e  band 3 b ind ing  s i t e ,  n o t  th e  enzyme, i s  a l t e r e d  
in  t h i s  p a t i e n t .  I o n i c - s t r e n g t h - d e p e n d e n t  changes in  conformation  
o f  an abnormal band 3 might  a f f e c t  th e  membrane's a f f i n i t y  f o r  GAPDH.
GAPDH b ind ing  to  e r y t h r o c y t e  membranes o f  p a t i e n t  AG appears  to  
be app rox im a te ly  tw ice  as s e n s i t i v e  to  i o n i c  s t r e n g t h  (when 
0 .068 [NaCl] £  0 .150 M) compared to  normals .  Corresponding va lues  
f o r  t h e  h e r e d i t a r y  s p h e r o c y to s i s  a f f e c t e d  and u n a f f e c t e d  c h i l d r e n  of  
p a t i e n t  AG a r e  app rox im a te ly  1 .5  t imes more s e n s i t i v e  than  normals 
( s e e  F igu re  15) .  These f i n d i n g s  should  be q u a l i f i e d  by mentioning 
t h a t  r e s i d u a l  l e v e l s  o f  hemoglobin remaining a t t a c h e d  to  the  membranes 
would cause  i n a c c u r a t e  p r o t e i n  d e te rm in a t io n s  and d i l u t i o n s  to  2 .0  mg/ml. 
This  d id  n o t  seem to  be much o f  a problem based on o b s e r v a t i o n  and on 
th e  narrow range o f  normal b a s e l i n e  GAPDH e l u t i o n  a c t i v i t i e s  o b ta in e d  
( see  F igure  16) .  Membrane ag in g ,  f r e e z i n g  and thawing o f  membranes, 
and c o n c e n t r a t i o n s  o f  membranes w h i le  being s to r e d  were f a c t o r s  which 
a f f e c t e d  th e  a c t i v i t y  o f  t h e  enzyme GAPDH in o t h e r  u n r e p o r te d  ex p e r im en ts .  
Presumably ,  th e se  were n o t  im p o r ta n t  problems in th e  r e p o r t e d  r e s u l t s  
because  membrane samples were examined as soon a f t e r  i s o l a t i o n  as  
p o s s i b l e .
I t  should  be p o in ted  ou t  t h a t  th e  r e s u l t s  r e p o r t e d  in  t h i s  t h e s i s  
a r e  no t  c o n c lu s iv e  o f  a r e l a t i o n s h i p  between a l t e r e d  membrane a f f i n i t y  
f o r  GAPDH and h e r e d i t a r y  s p h e r o c y t o s i s . Data given should  be i n t e r ­
p r e t e d  as  p r e l im i n a r y ,  s i n c e  f u r t h e r  s t u d i e s  a r e  be ing  p lanned .
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The most s e r i o u s  o f  th e  unanswered q u e s t io n s  i s  th e  f i n d i n g  t h a t  a 
second f r e s h l y  i s o l a t e d  sample from p a t i e n t  AG r e s u l t e d  in  normal 
range  GAPDH e l u t i o n  from th e  membranes. Whether some e f f e c t o r  o t h e r  
than  sodium c h l o r i d e  c o n c e n t r a t i o n  i s  in v o lv ed ,  which could  have 
changed in th e  c o n d i t i o n  o f  th e  p a t i e n t  between samples ,  i s  unknown. 
Membranes i s o l a t e d  from th e  spouse of  p a t i e n t  AG gave normal range  
GAPDH e l u t i o n  v a lu e s .  A second sample from p a t i e n t s  KG and CG was 
no t  o b t a in e d .
S u p p o r t iv e  ev idence  which r e l a t e s  h e r e d i t a r y  s p h e r o c y to s i s  w i th  
i n c r e a s e d  GAPDH b ind ing  s e n s i t i v i t y  may be found in th e  work of  McCann 
e t  al_ (26 ) .  These i n v e s t i g a t o r s  have s tu d i e d  a n o th e r  kindred in 
which GAPDH i s  reduced in  the  e r y t h r o c y t e  and which a l s o  e x h i b i t s  
h e r e d i t a r y  s p h e r o c y t o s i s ,  a l th o u g h  they  i n d i c a t e  t h a t  th e  two may not  
be r e l a t e d .  S tu d ie s  o f  GAPDH b ind ing  to e r y t h r o c y t e  membranes in 
a n o th e r  f am ily  w i th  h e r e d i t a r y  s p h e r o c y t o s i s  have been r e p o r t e d  in 
F igu re  16 ( p a t i e n t s  MS, HS, DS, and DS''). As can be s een ,  enzyme 
e l u t i o n  va lues  f o r  t h e s e  p a t i e n t s  f a l l  w i th in  th e  normal range  a t
0 .136 M NaCl. F u r th e r ,  o f  th e  two c h i l d r e n  o f  p a t i e n t  AG who show 
i n t e r m e d i a t e  s e n s i t i v i t y  o f  GAPDH b ind ing  ( p a t i e n t s  KG and CG), one 
c l i n i c a l l y  has h e r e d i t a r y  s p h e r o c y t o s i s  and th e  o t h e r  i s  normal.
This  f i n d i n g  may i n d i c a t e  t h a t ,  i f  t h e s e  a r e  r e l a t e d  o c c u r re n c e s ,  
o t h e r  f a c t o r s  r e l a t i n g  to  p en e t r a n c e  a r e  involved  in the  c l i n i c a l  
e x p r e s s io n  o f  h e r e d i t a r y  s p h e r o c y t o s i s .  I f  h e r e d i t a r y  s p h e r o c y t o s i s  
and a l t e r e d  membrane a f f i n i t y  f o r  GAPDH a r e  no t  r e l a t e d  o c c u r r e n c e s ,  
one p o s s i b i l i t y  i s  t h a t  p a t i e n t  AG i s  homozygous f o r  a GAPDH involved  
g e n e t i c  a b n o r m a l i ty ,  t h e  c h i l d r e n  a r e  h e te ro z y g o u s ,  and th e  o th e r
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p a re n t  i s  homozygous u n a f f e c t e d .  This i s  a v a l i d  p o s s i b i l i t y  
p a r t i c u l a r l y  in  l i g h t  of  work r e p o r t e d  by M ueller  and Morr ison (5 4 ) .  
These i n v e s t i g a t o r s  have d e t e c t e d  a v a r i a n t  o f  t h e  p r o t e i n  c o r re s p o n d in g  
to  band 3, f o l lo w in g  p r o t e o l y t i c  d i g e s t i o n  of  i n t a c t  e r y t h r o c y t e s .
One of  th e  two p o s s i b l e  s t r u c t u r a l  a i t e r a t i o n s  p r e se n te d  to  r e p r e s e n t  
th e  v a r i a n t  p r o t e i n  in v o lv e s  an a d d i t i o n a l  segment in c o r p o ra te d  i n t o  
t h a t  p o r t i o n  o f  the  molecu le  which extends  i n s i d e  th e  c e l l .  This  s o r t  
o f  v a r i a n t  could  p o s s i b l y  a f f e c t  proper  b ind ing  o f  6APDI1 to  e r y t h r o c y t e  
membranes* s in c e  band 3 has been shown to bind GAPDH (31*43).  One ■way 
to  t e s t  t h i s  th eo ry  would be to  ex p l o r e  th e  p r e v a le n c e  of  t h e  GAPDH 
b ind ing  ab n o rm a l i ty  in th e  genera l  p o p u la t io n .
In a r e c e n t  communication Karadsheh and Uyeda (55) have demon­
s t r a t e d  th e  im portance  o f  b ind ing  of  phosphofruc . tok inase  to  e r y t h r o c y t e  
ir. err,bran e s . They r e p o r t  t h a t  phosphofruc tokina .se  l o s e s  i t s  s e n s i t i v i t y  
to  th e  a l l o s t e r i c  e f f e c t o r s  ATP and 2 > 3 -d ip h o sp h o g ly c e ra te  when 
membrane bound. The f a c t  t h a t  GAPDH binding  may be a l t e r e d  in  p a t i e n t  
AG i s  i n t e r e s t i n g  when viewed in r e l a t i o n  to  p o s s i b l e  r e g u l a t o r y  r o l e s  
f o r  membrane b ind ing  as  i n d i c a t e d  by th e  p h o sp h o f ru c to k in a se  example.
F u r th e r  examinat ion  o f  the  e r y t h r o c y t e  membranes of  th e  k indred  
d e s c r ib e d  in  t h i s  s tudy  may lead  to  a b e t t e r  u n d e r s t a n d in g  o f  th e  
m o lecu la r  a b n o rm a l i ty  o f  h e r e d i t a r y  s p h e ro c y to s i s*  to  some im p o r tan t  
secondary  e f f e c t  o f  the  d i se a se*  or  to  a new* u n r e l a t e d  a b n o rm a l i ty  a s  
d e s c r ib e d  above. Since h e r e d i t a r y  s p h e r o c y to s i s  i s  a good model f o r  
examining autosomal dominant  d i s o r d e r s *  th e  markers  s tu d i e d  may 
f u r t h e r  the  u n d e r s ta n d in g  o f  the  b a s i s  f o r  t h e s e  k inds  o f  d i s o r d e r s ,
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s in c e  only  a few a r e  unders tood  (5 6 ) .  The importance o f  c e r t a i n  
membrane p r o t e i n s ,  p a r t i c u l a r l y  in v o lv in g  th e  fu n c t io n  o f  enzyme 
b ind ing  to  membranes, and th e  r o l e s  they  p lay  in  o t h e r  g e n e t i c  
d i s e a s e s  may be expanded by th e  t e c h n iq u e s  d e s c r i b e d ,  p a r t i c u l a r l y  
i s o e l e c t r i c - f o c u s i n g  in  a p p r o p r i a t e  and e f f e c t i v e  d e t e r g e n t s .
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